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IIU-H ™0FIL£» OF TRACE REACTIVE SPECIF! Is THE UWLCUTED 
HARWE SURFACE UTW 

A.H- Tlinp»ii and D.H. Umchnv (lliilcnat i>ntvr (or 
AiQO.phar 1- P«j*Jiicn», P.O. Boa 1040, Bouldar. Colorado 
*0(07) 

Ha twivv Investigated Kevin I aspect* of trace gia 
ph jlcchcslsliy In (ha on In* boundary layer ualng n tlse- 
daptndenc traniport-l Inst lea codot with one-d loom local 
edd' dlfTualon. Tha phatoctuolcal achaaa In the nortvl 
[Thonpun and Clcarono, I*M| la rep talented by a canvm- 
llcnal conplir.eat of reactions Involving 0, H, H nod 
oatliant-ilerlvad organic apoclaai boundary eondlLlonn are 
laalgord which give low curl sen nixing ratloa of Oi and 
!»* |P»«M*| as at., V4B«1 McFarland ol al., 19141 
charactorlat lc of tho moirmrlni envIremanL. Altiiude 
depanJ.m eddy dllfualon coafflclenta In tha aurfaee lavar 
II OD -100 a) are baaad on tha formulation ol Bualnpar a 
al. I1471J lor traparatura dllfuslvlty In an unatably 
stratified aurfaco layor. Diffusion coefficient. In cna 
raac of the convent Iva t-oundary invar (the nixed layer) 

•" v«'*« tr« u=b and Durtan |1*7«|. ih. mrlaco la 
layer* 1 * ** *** tb “ 1,01,10,1 t ' c “ n ullh ■ ateady-atale died 

In tho a Inula Mona described bars parcUular at t ant loo 
ha* boon gluts to the d leu l but Ion of odd nitrogen and Lha 
.Vu.-RO-Vi photoatotKnaty alata In tha surface boundary 
lnur. Calculated prof II. a nl BO. Xu,. HSU, show dalUUa 
gradlenta In the uirface layer. Whan tha ocean la attuned 
to w 4 source of [iO, nli log ratios on the order or a few 
ppt can ba supported by an upllus ol a. lip at'’ a' 1 . If d 
surface Input ol M) la not siloed, Sr’, Inula or. r.ucli 
Ichor. 1 h 1 « is con* latent wlih onasuraetnln In the 
Cqi. Jiortal ruclflc ['Icfarlaod at al.. MM, laflrlo.i et 
1 , ! •J* it al., IM1| and suggwnts that NO upuulling 
nay be lUnlf leant In lha local budget of KaX. io cortaln 

usulw narln. aavlcunnmia. 

ijlo'.lat.j values of U, u 0,-hn-W., plwieetatlonary *UM 
ratln, Pp,. .ind i.O/HBu, «nov appreciable varlotlr.n wllblr, 
il.o willar, layer. Ihu latter ratio la deniltivo io lha 
n.i up, in. a ill to liei.roy.nviuo rutuvil of BNUi . Pp K 

^°ln« “’in?K* ,"T* V" ’ a,la ' 1 ' ■"* " wnlty onlv or on* 
}?* '■ nlJ nl:,w “ l rornloglc.il I act or a 

1 " w ‘ ■•ontrll.it in iinhunlly valuoa of R ni . 

Slgnli linni J. pur turns Irm a prof lie eharactorlntlcol a 
nnnr.-jctl.e ipei lvs arc aWn to occur In tbe llfi profile 
i" ' “ '!«?“ " Jh ' V,U ,u Ff ace- (Ratine boundary 

'Vo r ,'rbu , i ,U . ,, ’" ,, P r, ’ 0,,,,,4ll,,,l,r ^ » u »r«o layer). 
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Seismometers have been placed on the 
ocean bottom for about •IS years, ht-gimiing 
with the work of Ewing mnl Vine [ 1038], and 
their current me to measure signals fmm 
eartliquakcs and explosions l< msliliitcs ail im- 
portant research method for seisin' 'logical 
studies. Approximately 20 research groups 
are active in the United Kingdom, I : ranee, 

West Germany, Japan, Canada, and the Unit- 
ed States. A review ol 'Kean bottom seismom- 
eter (OBS) instrument clinnicieristits and 
OBS scientific studies may be found in W7i»f- 
manh and Lihtwll [19H-J1- DBS insirtimcma- 
tion is also important Tor land seismology. 

The recording systems that have been devel- 
oped have been gencially more sophisticated 
than those available lor laud use, and several 
modern land seismic recording systems are 
based on OBS recording system designs. 

The instrumentation developed for OBS 
work was the topic of a meeting held at the 
University of California, Santa Barbara, in 
July 1982. This article will discuss the state of 
the ait of OBS Technology, some of the 
problems remaining to be solved, and some 
of the solutions proposed and implemented 
by OBS scientists and engineers. It is not in- 
tended as a comprehensive review of existing 
instrumentation. 

The requirements for OBS capsules arc 
similar to those for space satellites. They 
must be self contained, have a recovery meth- 
od, and, usually, a communication system be- 
tween the ship and the instrument- Reliability 
is a troublesome problem. Shipboard check- 
out, repair, and deployment must be stream- 
lined as much as possible since multiple in- 
strument deployments must be accomplished 
under often adverse conditions. 

The typical OBS consists ol a Ixmyam in- 
strument capsule which is held on the bultnm 
bv some kind of anchor. It is deplored hy 
dropping it nvci the side nl a ship, whereup- 
on it free-falls to the bottom. The electronics 
systems which log data, release the anchor, 
and communicate lo the surface acoustically 
are contained within the pressure case. Both 
seismometers and hydrophones muv lie used 
as sensors. The coupling to the bottom is 
through the anchor, but schemes have been 
developed to sepainic seismometers from the 
main instrument case in order to improve the 
coupling to the bottom anil reduce the cou- 
pling of vibrations between the tape recorder 
and seisomtterts). When it is time to retrieve 
the OBS, the anchor is separated ftom the 
buoyant instrument case using an explosive 
bolt, clecirolytically dissolving wire, nr me- 
chanical actuator. The iuslrinucm case then 
lloau to the surface, where it is nettieved. 

The following sections will describe each as- 
pect of various OBS in more detail- 


OBS Pressure Container 


TABLE I. Methods of Data Compression 
_ an d Expected Improvement Factors 


Sample 
Rate 
Needed, 
kb s' 1 


Method 


Standard ( 1 2-bit A-D) 
Logarithmic A-D 
Difference coding 
Delta modulation 
Adaptive delta modu- 
lation ‘ 1 
Subband coding 
Transform, coding 
Adaptive pred icti ve 
coding 


ever, the npenuional advantages of glass 
spheres are impressive. 

Figuie l shows an OBS using a tube [Mat- 
taboni mid Solomon. 1977]. It uses a 24. 1 -cm 
ID tube wiih a 2.5-ctn wall thickness. The ex- 
ternal sensor package will |je discussed later. 
Tubes with 15.24 cm ID (fi in.) arc more 
cun nil only used in physical oceanographic ap- 
plications and are also used in OBS capsules. 
Figure 2 shows a design using multiple tubes 
of this size [ Prolhero . 1979]. Wires connecting 
the tubes are routed through a common base- 

f ilate. The use or tubes for the pressure case 
las some advantages over spheres. The tube 
length is variable so that space can he made 
For fiiiurc upgrades without a complete rede- 
sign of the package; a sphere is much more 
difficult to enlarge. Tubes with flat endcaps 
provide good surfaces for hydrophones and 
lest connectors, and the interior electronics 
can be removed more easily for checkout. 
They are also much less expensive than 
spheres. The sphere cases arc more difficult 
to disassemble, since the hemispheres are 
heavy and difficult to hold on to. Handles are 
usually not installed on spheres, to reduce 
corrosion at the attachment points. Portable 
shipboard labs have been specially designed 
to make this less difficult [ hvlhero , 197(3], A 
spheiical design has a major advantage, how- 
ever: External flutiilion is not needed, and 
this will make it easier to avoid vibrational 
modes which will distort the signal to he meu- 


Both lubes and spheres have Ixrcn used as 
pressure containers. A pressure sphere has 
the advantage of being buoyant, requiring no 
extra flotation. The use of Benthos 36-cm 
glass spheres to contain the instrumentation 
JVM pioneered for OBS by Lnlham el al. 

11978]. Kmahnra ft at. [1979] have also de- 
igned an instrument using a Benthos glass 
*phere. Glass spheres are particularly useful 
or Ampler, less expensive insmnueius which 
^tt be made to fit inside. It is impressive to 
?** £ J lem being deployed since they can be 
handled by two persona (without a crane) and 
are very easy to deploy from large or small 
vessels. Care must be exercised with ship- 
board radio equipment since the glass con- 
tainers do not isolate against electrical inter- 
wrence, which was a problem during the Ri- 
vera Ocean Seismic Experiment (ROSE) for 
University of Texas, Galveston, scientists. An- 
jmier problem with using glass spheres is die 
l0 *s rate, which seems to be at about 10%, 
presumably due to sphere failure at depth, 
ror an inexpensive recording package, how- 


sured. Also, larger components such as sen- 
soi s and recorders will fit into the sphere but 


muv not fit into the smaller tube instruments. 


Acoustic Transponders and 
Communication 


For accurate location of capsules and com- 
munication of diagnostic infounntion be- 
tween die deployed OBS and a surface ship, 
an acousiic communication system is vet y use- 
ful. The use ul acousiic coimniiiiicalinu was 

r io i leered fin Irec-dmp capsules bv Snmlgnm 
|SH>8]. Siiu-e then, they are commonly incor- 
purat ed in OBS capsules je.g.. I'tolhrro, 1974; 
Kvfkch iinJ I'unh. 1979]. Acoustic communi- 
cation allows the fixation of ilic instrument to 
be clctei mined m an ;kvihj«.\ of several me- 
ters idalivc to the ship's position- Inversion 
techniques for upiinuilk locating an ariav ol 
insirmiicnis i dative to a ship recoiling satel- 
lite navigation in formal ion have been devel- 
oped [sc-e f'rcngn -n id O-'-w*"*. 19821 Ah*n- 
lutc instiimicm filiations uin lie dctcrimiu.il 
to 2U-30 m. by this technique. Flexible in- 
strument recovery limes can save expensive 
shiptime, ami allow nonfunaioning insu u- 
meins to be recovered and redeployed. Sim- 


ple, manually ilccndable diagnostic codes al- 
low status information such as ground noise 


level, tape consumption, and number iT trig- 
gers to be determined before the instrument 
is left for a long experiment. Ptolheio [I979| 
also uses the acoustic system to determine in 
situ OBS clock curceiions accurate to several 
milisccoiuls. 

Commciual acoustic systems in use by vari- 
ous groups arc nianii factored by Sonatech 
Gorp. | Pmhm, 1979; Protheio. 1974], A.M.F. 
[Kotlsch mid Purdy 1979: Koehcli rt al., 1982], 
Benthos Gorp. [Awbuter and Davts, 1981], on 
ImcrOcean Corp. rebuild [/Uiwrc el al.. 1981], 
and aTe homebuilt [Tuc/irr, 1969]. A new. 
self-contained acousiic release and transpon- 
der of extremely small size ( 1 2-cm diameter 
by 5 l-cnt length) was described by H. Mura- 
kami [Nagumoelal., 198 1 J. It uses frequency 
modulation between two carrier frequencies 
of 1 1.0 amd 10.5 kHz to encode the com- 
mands and has successfully been used in di- 
rect distances up lo 8 km from the surface 
ship. 


Data Logging Systems 


The design of OBS data recording elec- 
tronics has been dominated by the dynamic 
range and storage requirements, which are 
severe for seismic data. A ij-plcal earthquake 
experiment with an OBS might require a 
bandwidth of 50 Hz and a recording time or 
1 month. For digital data, this would require 
more than 2.5 x 10 s samples for each compo- 
nent recorded. Analog tape recorders have 
been built which run very slowly and record 
for 1 month on large reels [e.g., Johnson, R. 
V., et al., 1977]. An important limitation or 
analog recording is the dynamic range, which 
is less than 40 dB in the direct write mode. 
Schemes where various gain channels are em- 
ployed Improve the situation, but the funda- 
mental dynamic range problem exists. 

, Earthquake experiments place the most 
stringent requirements on dynamic range ol 
the recording system. If magnitude 0 to o 
earthquakes are to be recorded without satu- 
ration, a range of more than 6 orders ol 
■ magnitude must be recorded.; However, a 
particular event can be adequately recorded 
using just 12 bits (1:4096 resolution) of dapi 
as long as the peak signal is onscale. Gain- , 
ranging amplifiers provide a solution to this , 
problem.’, D, Koelsch (Figure 3) reported on. a 
iiew ocean bottom hydrophone c * , ^ 5 “' c w ™ch 
implements gain. ranging jri five 12 dB gam . 


steps [Koeluh et al., 1982]. The hlock diagram 
shows that the system includes an RCA COS- 
MAC 1802 microprocessor for system control 
and a DC- 300 cartridge tape recorder widi 
17.3 Mb (megabytes; I bvie ■= 8 bits) of data 
capacity- This system is capable of sampling 
to 1 500 Hz widi a 1 2-bit A-D converter, and 
to 8500 Hz with an 8-bit A-D. It stares data 
in a 53,248-byte semiconductor buffer before 
it writes it in the tape recorder. Capacity for 
fuuire expansion is provided by using dual 
port memory and saving space for an NSC 
8000 (low-power Z-8U equivalent) micropro- 
cessor. Timing is provided by an nvcn-con- 
trolled crystal oscillaicu accurate to 1 part in 
I0 U . A lithium battery pack supplies enough 
power in the existing pressure case for a 21- 
day deployment. 

This system was designed with die ability to 
perform high-resolution, high-frequency ar- 
ray studies of shallow structures using con- 
trolled sources. Particularly noteworthy is its 
use or a commercial cartridge recorder. This 
is a great advantage because the tape record- 
er is usually one of the components difficult 
to build and keep running. The only problem 
with the cartridge recorder is its size, which 
in the standard configuration will not hi into 
a 15.24-cm ID pressure lube. Another consid- 
eration with a cattridge recorder is that mc- 
clianiiul vibration associated with the high 
tape speed will most likely shake the seis- 
mometer. This means that a semiconductor 
bufTer which can hold the entire event of in- 
terest will be necessary, or contamination of 
the data must lie accepted. 

Prolhrru and Sthanhn 1 1981 1 described 
modifications to die DGSB mict or.n ihquakc 
OBS [Protlirro, 1979] in optimize it tor the re- 
cording olTelescisms. A block diagram of the 
elect tonics system is shown in Figure -t. 
Three-component, gimhal-lcvel seismometers 
arc -amplified through filters and a gain-rang- 
ing amplifier with three 18-dB gain steps. 

The gain is re 1 need hy a hardware threshold 
detector and reset to its maximum value hy 
computer command. This enables gain 
changes lo follow the signal or to Ik- left con- 
stant throughout the duration »( (lie event. 
The system is coniiollcd by an 1M6I00 12-bit 
microprocessor, which executes the instruc- 
tion set "I the PDP-K minicimiptiicT. Ret circl- 
ing is dune on a lirncmar cassette icmnler 
with capacity of I.H Mb on a G9<> cassette. 

The cassette rounder lias the cl i sad vantage of 
low vl.it* capacity, hut it is very quiet ;mvl does 
not nbscrvablv shake the seismometers when 
it runs. All triggering, gain setting, acoustic 


Improve- 
■ mcni 
Factors 


diagnostics, and data acquisition are con- 
trolled by the microprocessor. Modifications 
to the original inicrocanhquake instrument 
to allow for leleseisniic recording include 
adding a third lube, changing the seismome- 
ters , amplifiers, anti-alias filters, and some 
new software. The rather minimal hardware 
changes needed to produce this significant 
change in function of the instrument attests 
to the flexibility of a microproccssor-bfiscd 
data logging system. The entire triggering 
system (including triggering filters) is imple- 
mented in software, so the system is very 
flexible. The response of the I -Hz Mark 
Products L4-C seismometers is boosted at low 
frequencies using a filter with a gain of 100 
higher at 20-s periods than at 1-s periods, so 
useful response lo periods as luw as 30 s is 
achieved. The power consumption is low 
enough to consider deploy inems as long as 1 
year. 

The Intersil IMG 100 microprocessor is also 
used by (he group al Scripps Institute of 
Oceanography [Afooi* el al., 198]]. Function- 
ally, it is very similar la the unit of Prothero 


[1979] It incorporates three-coin ponent, I -Hz 
sensors and a hydro])] tunc sensor. A modi- 


fied If her tape recorder provides high data 
capacity and is contained in a spherical pres- 
sure container, ns shuwn in Figure 1. 

At the July 1982 meeting D. Uibec report- 
ed on n new digital instillment using an RCA 
COSMAG 1802 microprocessor, It bus a hy- 
drophone for a sensor and was designed pri- 
marily to iiretiiHlL-ly record the source-lime 
function of large explosive sources used in 
refraction studies. Digital data arc rccnidcd 
on the same re-Luvdct that the Oregon Stale 
University group previously used for analog 
recording {Johitwn, .S'. //., et al., 1977], 

(*. Young re| "irled oil an iuteiesiing seis- 
mic data recording system I9H2|. He 

designed <i seismic data recording system fat- 
land deploy mem tluu could be const i tic ted 
for less titan $5M0. lie chose a GUL>LC chip 
lot the A-D, which encodes the input data 
with an K-bii logavidimic code. A Millennia 
6tl05 ittic r< (process' u is used lo control the 
gain-ranging, triggering, and ic-cording logic. 
Recording is done on an inexpensive analog 
recorder. Tests ol the data reconstruct ion al- 
gorithm with teal data showed lli.it the signal 
in the time domain could not lie distin- 
guished visually from the original signal. 
When travel lime and was elm in synthesis are 
the primary d.K.t iuicipvel.uitm tevlmique 
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Fig. I. The Massachusetts Institute or Technology OBS. Note the external sensor pack- 
age which improves isolation between the main instrument and the sensors [Mattaboni and 
Solomon, 1977]. 
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Fig. 2. Diagram of ari ocean bottom seismometer from, the University of. California, San- 
ta Barbara. The machine consists of three tubes connected by a common baseplate and has 


the capacity to hold enough batteries for a ,1-year deployment, • 
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this system should lie quite adequate and of- 
fer a grind deal of economy. The system was 
designed for experiments where a rail ter Tew 
recordings with it grail number of nations is 
needed. It has applications for OBS (pnilnbly 
with greater recording capacity) where very 
inexpensive inst ruin cuts might lie uscful- 
Tsipe recorders have been one of ihe trou- 
blesome roniponems of OBS systems- Digital 
recorders have been used fur years by the 
National Aerunainits and Space Adminisiia- 
tion for satellite data recording and playlrack. 
These are much mo expensive for OBS cap- 
sules given the fund in g resources available. 

OBS engineers have used modified, commer- 
cially available analog recorders with good 
success. Prolhero [I97l»] used an unmodified 
Sony TC80HB recorder to record approxi- 
mately 2.5 Mb or digital data. A similar re- 
corder (Uher 5" rccl-io-reel) lias been modi- 
fied by R. Moore of Scripps Institution cif 
Oceanography to record 20 Mb. Uiil or in- 
nately. the Uher is inccliiiiiic;illy noisy and 
large buffer memories are needed to obtain 
uncon laminated records. The Sony TC800B 
was quieter Imi is no lunger available. Avedih 
el at., [ 1 078 1 have developed a digital tape re- 
corder c.q table of recording continuously for 
130 hours. This converts to approximately 70 
Mil of tapacily. MrtUahtmi and Solomon [1977] 
have constructed a standard format, nine- 
tiack recorder which stores III Mb. R. Moore 
has recently completed h prototype of a recl- 
iii-ree] icionlcr with HU Mb data capacity. 
Sevei.il tonum- trial options sue available. 

Kodyfh (1982] has successfully incorporated a 
Quunivx cartridge mender in an OBS track- 
age. This stores 17 Mi) and uses a UOO-fi, (91- 
m) eat li idgc tape system. A (17.3-Mli car- 
tridge recorder is manufactured hy 3-M Cor- 
poration (IICU-7:i>. These tccordcrs ail 
require a guutl deal of pnwer and start and 
stop quickly, so (hey would he expected to 
cause quite a hit of vibrational noise. Their 
power can lie ted need Iwtween recurding pe- 
riods. so even iliongli they arc high-power 
devices the loin I energy to write a upe may- 
be small. The Quant ex requires 0.3 A h at 24 
volts. The high vibration expected will re- 
quire large buffers for the data so that the re- 
corder need not be turned on during the 
event lieing sampled; new. large-capacity 
CMOS memory chips make this feasible. 

Event Triggering and Data 
Compression 

Since data storage is a major pioblem far 
OitS cajjsirlcs, it is natural to evaluate meth- 
ods ol data i (impression lor this application. 

The most commonly used met hod of data 
compression is eve ill-triggering- This system 
was first successfully used in OBS capsules by 
Pr<>rtfio f 107*91 and Ambnter and Solomon 
(1974]. These instruments used an analug 
trigger which compares a short-term average 
(ST A) of the background noise to a long- 
term average (l.TA|. When the STA/LTA ra- 
tio jumps to marc than 8, the recorder turns 
on Tor 8 seconds. Recording of the event on- 
set is assured by a digital delay line between 
the recorder ami the analog-to-digiial con- 
verter (A-D). The recorder time is increased 
(during an event) for each new nigger so that 
long events are fully recunled. Newer mi- 
crocarl hquake trigger algorithms follow ap- 
proximately the same principle. Event dura- 
tion is included in the trigger criterion, which 
can significantly reduce triggering due to im- 
pulsive shacks often caused by biological ac- 
tivity in shallow water. Again, the advantage 
of microprocessor systems is that these trig- 
ger computations can be carried out in soft- 
ware. and may be easily changed and opti- 
mized. 

Tcleseismic triggering algorithms for small 
computers have been reported lay Goforth and 
Herrin [I'JUl], Prulhmand Schnecher 11981], 
Emus and Alien [1983], and AfunfarJt and Hull 
[1983]. The algorithm developed by Goforth 
and Herrin uses Walsh transforms [Shanks, 
IQfiO} to dynamically prewhiten die noise 
spectrum anrl examine the frequency content 
of the signals. These algor it Inns all use the 
fact that leleseisms have luw-rrequeiicy ener- 
gy. but very little high-lreqitency energy, 
while inicrocanliquakcs have Imih Intv and 
high frequency energy. I he problem is that 
even though they are implemented on small 
computers they arc Mill somewhat complex 
for u full software implementation. Evans and 
Allen use hardware hind- trass fillers to deter- 
mine | requeue y runt cm of the signal. Protheio 
and Schnrrher [ I9SI| repot ted on n similar 
triggering algorithm using easily it it pie men ta- 
ble digital fillers rex miring only shit is (divides 
hv 2). The digital litters ate implemented In 
soltwjTc and their rutnl! frequencies can be 
easily changed. 

Figure 5 shows a block diagram of this sys- ■ 
Lent. It is similar in concept to that repurted 
bv. Evans and Allen ( 15*8:11, hut does noL have 
many or site special case conditions optimized 
for land recording [see also Prolhero, 1980). 

- The signal is lint liipasscd to eliminate ener- 
gy from the increasing low frequency noise of : 
the ocean environment. Then the signal is hi- 
passed hy two Alters ih parallel, with cutoff ' . 
frequencies of approximately l and 4 Hz. 

T he outputs of the two hipuss fibers nre com- 
pared and Only signals with iuw- frequency; 
components which are deficient in high-fre- • 
queue y campon t fits art) considered. This has 


proven to he extremely emcieni at efimin^ 
ins false triggers. In fact, when the OBS was 
tested for I month in the basement of the ge- 
ology department at the University of Cali- 
fornia, Santa Barbara (UCSB) no false trig- 
gers were observed, yet all teleseisins which 
were observed on the SCARLET array sta- 
tions near UCSB (with sufficient P-wave am- 
plitude) were recorded. During deep-ocean 
deployments the system proved to be equally 
robust in discriminating against noise, it is 
anticipated that indreasing the logger sensi- 
tivity will result in increased false triggers. 

however. , . 

The full review of the possibilities for data 
compression for seismic recording was pre- 
sented at the July 1982 meeting by A. Ger- 
slio, UCSB department or electrical engineer- 
ing. He summarized daw compression tech- 
niques used in speech processing and 
commented on their possible application to 
OBS data compression. Some work has also 
been done on this by Lee and Yarlagadda 
(1982] and Wood (1974]. There are three fac- 
tors to consider in data compression; (I) fi- 
delity, (2) complexity of the algorithm, and 
(3) compressed bit rate. 

The most basic technique of data compres- 
sion consists of adjusting the sampling to op- 
timize for the expected signals of interest. All 
OBS groups do lliis in some form or another. 

A more generally useful implementation of 
this technique would add the capability of 
monitoring the signal spectrum and dynam- 
ically adjusting the anti-alias filters and deci- 
mation accordingly. Another of the oversam- 
pling optimizations in wide use is event trig- 
gering. Further compression can be achieved 
hv reducing the number of bits chosen to 
represent the data. OBS engineers have most- 
ly used 12-bii linear digitization in the past, 
but an 8-bit logarithmic encoding scheme 
which shows promise has been studied by C. 
Young [19821. The second fiicior, complexity 
is critical for OBS microprocessor implemen- 
tation. Some LSI chips have been developed 
for speech processing, but it remains 10 be 
seen whether or nut they will be useful for 
seismic data logging purposes. 

Two less common compression schemes of 
immediate interest are "delta modulation" 
and ''differential ending." Delta modulation is 
a l-bit method which samples the data at 
high speed and produces a "1" if the signal is 
larger than the last sample, or a "0" if the sig- 
nal is less than the last sample. "Adaptive del- 
la mod tila i ion" increases the step size by 1 .5 if 
two consecutive uiiinins have the same polari- 
ty, and decreases it by 0.6 otherwise; this re- 
duces the overload and granular noise. The 
fidelity obtainable is dcterniincd by the basic 
sample r.uc and ihe quantization interval. 

Data compression by a factor of 2 is reason- 
able using this method, and delta modulation 
A-D devices are commercially available. 

Differential coding simply involves storing 
the difference between the current digitized 
signal and its last value. When the slew rate 
(amplitude changes) are low, a great improve- 
ment in the number of bits needed for each 
sample can be made. However, extra bits, 
needed to indicate the number of bits stored 


for each sample (for deciding) will i ‘‘ 
the improvement somewhat. I lire s. Ik im 
would be straightforward to 
micropn iccssor-hasei I system am lit. Mgn.il 
fidelity would remain iimhaiiged. ( nin|u« - 
sion by a factor of 2 is «*«» lor Hire, •»< 
clever coding could probably improve » !»■ ■ 

tll 0ther schemes for data cimiprt-vti.nl are 
subband coding and tiamloi m ttnhng- 
band coding consists ol band-pass hUeimg 
the signal, transforming the hirer out puts lo 
low frequencies, then sampling ca.li trans- 
formed output at a reduced i ate. ruireloi in 
coding involves transforming the data hv 
some method (c.g.. fost Fourier transforms tu 
Walsh transforms), eliminating ciwIIubhih 
with low amplitude, and storing the remain- 
der. This method is discussed in detail Im 
seismic reflection data hy II w "1 1 1974J. I le 
obtains a data compression ol 28:1 with a li- 
delity of about 85%. This would probably lie 
unacceptable to most OBS useis. 1 able 1 re a 
summarv of the compression ratios exp.il- 
able from the various techniques, as present- 
ed by Gersho at the OBS technology ipnler- 
ence. These assume that a signal-io-iioise ra- 
tio of 30 dB is required, but the range nl n 
12-bit A-D is needed. The actual number, ate 
based on speech processing needs and would 
need some modi neat ion, as well as testing on 
actual data, for OBS applications. 

It would appear that adaptive della modu- 
lation and difference coding would lx- the 
easiest to implement in existing systems. Sub- 
band or transform coding may require more 
computing power than existing mkropio- 
cessor systems have to spare, so specially ded- 
icated or more powerful processors could lie 
needed. Clearly, there is a large potential 
payoff in the use oF data compression algo- 
rithms, and important work remains to lie- 
done on this topic. 

OBS Coupling and Noise 

OBS coupling has received quite a hit of at- 
tention recently. OBS iiiicrcomparisnn ex- 
periments have shuwn that identical input 
signals may be recorded quite differently by 
different instruments. At the July 1 982 con- 
ference G. Sutton summarized the results of 
the Lopez Island iniercumparisuii test [.S'wHnn 
et nl., 1980] and what we now know ahum 
OBS coupling. The following list is a summa- 
ry of possible suurccs of signal distortion and 
noise that should be considered in DBS ex- 
periment design. 

OBS Nnise Sources 

A. Nnise sou ices with geophysical oii)>iii 

1. Microscism iiuipliln.ai.iuii 

2. Ocenn current-induced noise 

B. Signal-induced noise 

1. Distortion from irregular Ixmndarics 
at sediment-rock interface 

2. Complicated reflections and conver- 
sions in the sediment layer 

C. Signal distortions 

1. OBS coupling effects, including vis- 
cous drag, differential mm ion between 


u.iti l .in* I him i iinii'ii! . .in, | inertial ef, 

lit Is 

2. W.iti - 1 M ilun.-ni ililli iuiii.il iHmini, 
(riit, It .ill i ■ i- tin- ii-qtMirer in horizon- 
i.il iiqniis 

;t K.tiiliini dm- in uiisi.ihi,. linking ofin- 

Mi uiitriii mi (<■ »i t< nit null small « ale j|. 
icgiil.ii nii"> 

1. Vrilii.il in h* •iizmil.il iinqiliiig 
j I ilium im hi. i -I In Im 11 / 0111,11 motion 
t*. Asvnnm in.M.uiM il In small uak lai- 
rial li« •n-nigrui-iiirs. i.uremg vertical- 
hniiziilll.ll i niipllllg 

Noire mhii.i's mill gi-nplretii.il origin jn- 
iliuU- tin- mi, imm'isiiii, Imc ki>t mind noise lev- 
.1 .mil ixc-.m i in i i'iit uiiliii.il noise, lliologi- 
i.il .iitivitv .uni i iiliin.il in use i ,m pretlunii. 
n.ilr in dl.illow K.ilt’i .iiul .liras of 
griiphvMi al «*x|ili *i .ili<»n \llmhiik rt itl., 1980; 

hi i and lirat'ih-, l'.W2|. Mitroseisni imueis 
st rough suil.nr ratlin n-l.tlrd {/.rif/inm and 
l l UiH|. In ailihin in. (Ill- soft iHittom 
sediments i ail li-.ul I" an .iiiqililHalinn of ihe 
mi, iiisrism imisr. In s|>iir <>l lliis, a number 
uf ntr.in In mi* mu in, i>. mt-.reiunm a tits show 
imisr If.i-ls iiiuqi.ii able lo lliiiseol coastal 
laud sites \l>iniihtn , I ill., 1979; Pmlhtro and 
Sihafihn. IWI|. in l,ul. on hard-nxl sites 
iir.it In lidgt'i i ■ -sis, i hr itiiisi' at sluiri j sc nods 
is .re low .re ih.u on quin laud iireinllninm 
A si'iioire poii-nii.il soiinr ol t tune is from 
viln at ions iiuliui',1 In lmuoni iiiirenii (air- 
rrul-iu, lined imisr has lirrti observed by a 
lltliiilici ol irsr.m liras. im lulling .\nffoiirtal. 
||‘1HI»|, llunnuluri ft III. J 198 1 1, and Kasahura 
et nl. | I'JHll, I'.ISl |. l hr irsiilts of Kauikaiail 
nl , |l5l8n| suggest that hoiiom t urrems fre- 
qiicnily cm red 1**1 mis 1 and tail be a major 
souk .* ol in list* mi -ill DBS. Il'iinbiitA (inrf 
Muuh | I'.liH] show i mu 'in data taken 1.2 m 
above lhr sruborioiii ,n 32’N, 1 2H*5tfW (350 
km west ol S;iii Dirgoi that show variations 
lieiwrrii .‘i i hi s 1 and H.l .in s' 1 , with the pre- 
dominant 1 1 equi'IM s bring 1 . vices per day. 
This peak is ihe “in ulird sriniiiiiitual tide, 
which is dir cause ol lhr dominant variation 
in i til trill speed ,il (Ills siie. 1 hr [msvibdttyof 
1.x I if ic alim i inirei be uuisideicd wlicn 
ground imisr re siuqilv loiirlalril witlithW' 
reiiv.i] tidal , iii leius m lest hu imrent-in- 
du.ed noise. 

The In'huvioi ol lhr « m mu near the tot 
loin is not sitiipli- A biMiiularv laser (called 
all 'Eckmaii laseiT re a li.nreitinil #Hic be- 
tween the uinriii that exists at Rival dis- 
lidn.e" It i*iii the boiiiid.u s and that near the 
Ixniudaiy. 1 lie inr.ni c mmii velocity vector 
in this ti.iiisiiion /our geunally im teases 
discim c- 1 mm the sr.iliotioin and idiievenrt 
vrise iliii-iiiou. Il mas be lumiliai m turl*- 
Irnl and Im the i use ol tin- ocean n“ 
almost always mi hiilriil. Foi latitudes grWK 1 
than 3lf the i iiiii.il i mu-ill speed KM** 
1 while a is pic al i iii mil s|wrd is 3 till J 
Ill'iwAmft nwl Muuh. I*I7U|. I hr dyuau*** 
tin- lnuiiulars layrt also ilrprnd oinbf s1 
ity ol deiisiiy sti alibi at ion. Little is knosni 
alinni lliis on lhr on-au liollnm-ll" 1 cVl ' nI 
sign ol the drnsits gi.ulieiii. . 

Fossil i|e iiiii-i ,ii lion im ides an* direct w 
acting on the < >BS hy the uureiu, «i l 10 *** 


DIGITAL OCEAN BOTTOM HYDROPHONE ELFURuNlC 


•AiN ' "NIH'.i — 



HhHiHfuui rjci 
OR 


war fP wave 

FILTER 



tHvLLU'L rt I El. TOK 
<JP 

Hi OH FHECi AMI 1 


><• VlH MM ill „ | ■ -I, 
It I'll, I IA| i imi 'll I'. 


a CHAN 


A CHAN 

— 

SAMPLE 

- 

■jAMI’Ll 

Am 1 la, h 1 1 

LCW 

FREft 

FILTER 

F 

GAIN 

RANGE 

AMP 

l 


Mtl HOLD 

a 

12 BIT 
A0C 

l 

r 


■■II 1 IV T 1 ■ 

a 

IASI 
8 III 1 
aim 

r - — r~ 1 


I l.'V 

I HIM II lllL'J 


TAPE 
RECCnoCR 
READ WRITE 
a CONTROL 
INTERFACE 


HK.liKlitH 
UAi nuir'i 


-3L 

" OCVM 
CAHTRIME 
TAPE 

nECIXlDER 

IT. 3 MBilM 


TRANS- 



1 

INUH 

PQNKR 

OETJCTOfl 




t 

1 

i 

i-^'H l.v/JR l 
ION H<nl 
| |N« 


UAIA Hii'j 


i trs-bq 

\ load a 
• tESI 
: sfsiEu 


SERIAL 

ASCII 

HilERFAce 

LOOP 


COSUAC 

1802 

MICRO-' • 
PROCESSOR. 


COSMAC 

MEMORY 

CONTROL 


DUAL PORT 
MEMORY 


time base 
ovuurcn 

• PARI, !■>* 


. C OSVAC 


N'.r IU11A MU’ 


,NSC HUtl. 
MlV'HY 
tijRinOL 


", AOOhESV 


/;i 


• v 4'; : ; 

i* six**' ' - ■ 


'Wlto I- 

iour 1 6. t 


I/O PORT 
MAPPlNIi 1 


I- “ - ruoitf. .“r" 1 *" ’ - 

^ ; :-r 


|. • , ..' LT'W, | , s, , . , e J 


March 27, 1984 £,OS 


local ground noise induced by pressure fluc- 
tuations acting directly on the bottom by the 
turbulent boundary layer. The spectrum of 
the noise which svould be generated is un- 
known but certainly depends on the instru- 
ment itself and the current speed. Kasakara et 
al. [1980] have performed experiments to 
show that the shedding of Kantian vortices 
from the radio beacon antenna causes me- 
chanical oscillations of the OBS at frequencies 
of 3.2 to 3.7 Hz for current speeds of 18 cm s' 1 
and 30 cm s’ 1 . The amplitude was large 
enough to saturate the recording system. 

This effect was severe in this case because the 
instrument is rather lightweight and the radio 
beacon antenna, which was mounted vertical- 
ly at the top of the instrument, forms a reso- 
nant mechanical structure. This is also the 
source of the current noise observed by Dtten- 
nebieret al. [1981] where the radio beacon an- 
tenna is high above the main instrument 

E ckage and the base-to-height ratio is very 
v. The experience of other investigators in 
different parts of the ocean has not been so 
unambiguous. In the Santa Barbara channel 
and the deep ocean west of Santa Barbara, 
where current speeds in excess of 10 cm s -1 
would not be expected, Prolhero [1981] rec- 
ords noise levels that would nm be unreason- 
able for any coastal land station. The instru- 
ment package is 2-m high but has a large 
base-to-heignt ratio, and the radio beacon is 
inverted beneath the deployed instrument, 
which would reduce the effect of currents. 

Several questions arise regarding ihe cur- 
rent noise problem. It has been shown that 
reducing the profile of the instrument by 
lowering the radio beacon antenna will pro- 
duce improvements when currents are high. 
Other investigators have no overwhelmingly 
obvious problems in this regard. Certainly, 
some of this is due to Lhe different areas of 
operation, as well as the differences in pack- 
age configuration. The use of "burp-out'' sen- 
sors (which are separate from the main in- 
strument package, so have a lower profile) is 
relevant to this question and will be discussed 
below in the section on signal distortions. 

Signal-Induced Noise 

Signal-induced noise could affect ocean ex- 
periments to a greater degree than land ex- 
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periments because of the water layer and the 
thick layer of low-velocity sediments often 
overlying more competent, com prat ively 
high-velocity layers. The velocity contrast at 
the sediment-rock interface may be quite 
high, lending to severe distortion from 
trapped and converted waves. Basement to- 
pography could also distort waveform ampli- 
tudes, depending on the scale of irregularities 
relative to the wavelength oF the seismic 
wave. 

Signal Distortions 

The Lopez Island OBS intercomparison 
lest [SuMon el al.. 1980] was conducted to 
compare the response of existing OBS cap- 
sules. What was found was that although 
some similarities between instruments existed, 
drastic differences were also apparent. The 
first-order coupling effect is due to the elas- 
ticity of the bottom which the OBS rests upon 
[Snfton et al., 1980; Zelihavitz and Prolhero, 

1981]. The system may be described as a 
damped mass-spring system. The mass is the 
OBS instrument mass plus an added mass 
caused by the inertia of the water displaced 
by the OBS motion. The spring constant is 
determined by the shear modulus of the soil 
beneath the instrument footpads, and damp- 
ing is due to the radiation ot seismic energy 
to infinity. Thus, the system will amplify fre- 

a uencies at the resonant frequency if the 
ant ping is low enough. Figure 6 shows a 
typical coupling response for various cou- 
pling parameters typical of existing OBS cap- 
sules. Note that a worst-case amplification at 
the resonant frequency can be as high as lfi 
dB. A large bearing radius gives rise lo a stiff 
spring and a high coupling resonance (goad 
coupling), while a smaller bearing radius low- 
ers the coupling frequency and increases die 
need for a coupling correction. A large bear- 
ing radius also seems to increase the damp- 
ing, so that a large bearing radius is pre- 
ferred. 

In addition to the effect of the coupling on 
the vertical motion, the horizontal signals can 
cause important and unexpected effects. Sev- 
eral or the OBS packages in die Lopez Island 
OBS intercom parison test had small anchors 
relative io the size of die instrument capsule, 
allowing considerable rocking io occur for 
horizontal ground motion. Even worse (hind- 
sight tells us), the sensors were mounted at 
the end ol the pressure case, su considerable 
vciTit-.il million was also induced by the rock- 
ing. This led to a guud deal uf cross-coupling 
between horizontal and vcilical signals. This 
was clearly indicated by the fact that cross- 
coupling for each insu unient was proportion- 
al to itsbase-io- height ratio. One solution to 
this is m build the instrument with a high 
base-iu-lieighl latlo and place the setts, ns 
along its dynamic center. 

A currently fashionable solution to the cou- 
pling problem was introduced by the Hawaii 
Institute of Geophysics group [Sutton el nl., 
1980, 1981 ; Byrne et al., 1983; Dusrhenes et al., 
1981]. The sensors, informally called "burp- 
out'' sensors, arc able to be deployed sepa- 
rately and aL a distance from the main instru- 
ment capsule. This technique was very suc- 
cessfully used in ROSE where earthquake 
data of superb quality were recorded on the 
MIT instrument [7>fAn, 1982]. The instru- 
ment was deployed on hard bottom where 
the actual coupling in the vertical direction 
would be quite good anyway. However, the 
separated sensor package was well decoupled 
from internal modes and noise generated by 
the large recording package and resulted in 
extremely low cross-coupling distortion. 

There are pitfalls, however. It can be seen 
from Figure 6 that a typical OBS instrument 
package might have a coupling distortion of a 
factor of 2 to 3 for frequencies at the cou- 
pling resonance. For a factor of 2 coupling 
distortion, the instrument package will be 
moving at the equivalent of twice the ground 
motion (at the coupling resonance), or equal 
to the ground motion relative to the moving 
bottom. Thus, on sedimented bottoms where 
the shear velocities are low, an instrument 
with this characteristic will be pumpino ener- 
gy into Stonely waves, which will travel to the 
burp-out sensor and shake it in some unpre- 
dictable Tashion. Since the burp-out sensors 
cannot be conveniently separated by much 
more than a meter from the main package, 
attenuation due to geometric spreading 
would be minimal. So, it is necessary that the 
main instrument package also have good cou- 
pling. Indeed, tape recorder vibrations and 
response to extraneous internal modes of vi- 
bration might also transfer to the sensor 
package (but at reduced amplitudes) under 
some conditions. From a purely engineering 
viewpoint the External sensor package poses 
problems with the reliability of the coupling 
cable and the possibility that the remote sen- 
sor might tangle in the anchor or. have diffi- 
culty disengaging from the bottom when the 
OBS is released, In spile of this, the method 
has Important advantages, particularly in 
high currents, and ihe data quality has bein 
very good, It wOuld be astute, however, to re- 
main aware qf the potential problems 'that do 

Another method of dealing with (he cou- 
■ tiling probiem 'is by an in situ calibration 
! technique. If the dynamic mass (OBS mass 
: plus adefod mass from water motion) is.con- 
; atant ]n frequency arid linear over the expeel- 
.' ed seismic aqipliiudes, a simple relat'onshtp 
! 1 exists ‘heltyeep 'the response of the OBS to 
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ground motion and its response to an inter- wil 

rial mechanical shaker; so it is possible to im- coi 

piemen! an in situ calibration using Lhis red- Be 
procuy [Zelikou'itz and Prolhero, 1981]. An ini- mi 
port am unknown is the behavior of the exi 

dynamic mass up to frequencies or seismic in- an 
Lcrest, a quantity that appears not to have pn 

been studied. Eickemeyer and Prodiero re- me 
ported on results in progress of a study of cre 
the dynamic mass of two shapes of oscillating pa 
bodies: a sphere and a plate. These shapes be 
have dynamic added mass factors (for the shi 

laminar flow approximation) or 0.5AJ W and wh 
4p„J? 3 /3, where Af, is the mass of Lhe water dis- ed 
placed by the sphere, pw is the water density, tac 
and R is the radius of the sphere [ Batchelor , if i 

1967]. In order to test this for sinusoidal ino- scs 
lion at seismic frequencies, the shapes were thi 


made part of a mass-spring system which 
could be driven to resonance by a shaking 
unit. The resonant frequencies between 10 
Hz and SO Hz were compared in and out of 
water in a tank. The change in resonant fre- 
quency is related to the mass change. For a 
13-cm diameter sphere and a 25-cm diameter 
disc the dynamic masses were found to equal 
the value predicted by laminar flow to within 
the experimental accuracy of 10%, Further 
experiments are being performed on larger 
bodies to check tlie scaling. If these experi- 
ments show similar behavior, accurate in-situ 
calibration corrections are practical. 

0700 An accurate method of Seismometer cal- 
ibration has led Sauter and Daman [ 1982] to 
an elegant method of in-situ calibration. It 
was discovered that the seismometer calibra- 
tion signal applies enough inertial force on 
Ihe instriiment to cause an observable effect 
from the coupling to the bottom. This will 
show up as an additional (small) peak in the 
transfer function curve. A random telegraph 
calibration signal is applied. The output sig- 
nal is correlated with tne known input 10 ob- 
tain the seismometer response to a high accu- 
racy, with the coupling response superim- 
posed. 

An instrument with the sensor inside must be 
carefully designed. Of particular importance 
is the elimination of spurious modes of.Qscil- 
latidn, This means (hat items such as flotation 
spheres must be cOnuectecT rigidly to the', 
main instrument package. If they can vibrate 


within the frequency band of interest, they 
could distort the response to ground motion. 
Benthos glass spheres, which are used on a 
number of OBS. give cause for concern, it is 
extremely difficult to attach them rigidly to 
anything since they have flexible polyethylene 
protection covers through which any attach- 
ment must be made. In order io minimize 
cross-coupling, the base must be wide com- 
pared with the heiglu and the sensor should 
be located near its center line. The base 
should have a large surface area, particularly 
when the OBS will be deployed on sediment- 
ed areas. However, a single, large-area con- 
tact, such as a plate, will be prone to rocking 
if deployed on harder bottoms with small- 
scale relie f. A tripod anchor guards against 
this possibility. However, on soft bottoms, a 
tripod anchor will respond to horizontal sig- 
nals in an unacceptably asymmetric manner if 
die coupling is poor. The best solution might 
be lo use a tripod anchor with large are3 con- 
tact pads. An in situ calibration method will 
give importam information on coupling when 
problems exist. 

Article (coni, on p. 1 16) 



Fig. 6. Coupling distortion for various 
OBS Coupling parameters'. The OBS re- 
sponse must be multiplied by the appro-: 
prlate curve. OBS capsples tested aC the: 
Lopez Island OBS intercomparison test 
behaved according to the full range of 
curves shown in this figure [Strife n et al.i 
1980].- 
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Operations at Sea 

Ope rations at sea are a very important fac- 
tor in i he success of an OBS experiment. An 
instrument which can Ik* closed up in the 
lund'hasctl laljorntory ami then quickly 
checked out prior i«> deployment without 
opening it is desirahlc. When an instrument 
must Ire opened, it should he convenient to 
do so. The design of a checkout system de- 
serves a great deal oF attention Tor more ex- 
pensive and sophisticated instruments- The 
ability to play track data at sea is also critical 
boiEi for instrument checkout and 'on-the- 
spot" planning of further deployments. 

Summary 

OBS technology has provided quite a num- 
ber tif engineers with some very challenging 
years. Many of the critical problems regard- 
ing coupling and noise have been solved in 
principle. 'Micrc remain important design 
tradeoffs regarding in situ calibration versus 
well coupled burp-outs, Itow to get low pro- 
file, spheres versus tubes, tape recorder vi- 
brations, internal capsule modes, etc., but 
moat of the critical questions have been at 
least pat dally answered. It remains to com- 
bine all nf the partial answers into one "ideal" 
OBS, sin elusive dream indulged in and ar- 
gued about by almost cveryune involved in 
the Held, particularly when at sea or at OHS 
technology meetings. However, there will he 
tin "blear OBS for all applications. Some in- 
vrstigatms will prefer a simple device opti- 
mized l*ir anilicial source experiments lasting 
;i few days to ;t week, while others will be 
looking inward long-term monitoring of nat- 
ural sources. Individual inventiveness will as- 
sure that the "ideal” will remain ever more 
elusive, even as it is more diligently pursued. 
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Comet Rendezvous 
Mission 

A National Aeronautics and Space Admin- 
istration (NASA) advisory team lias sdaivd a 
bright, short-period comet named knpll •«' 
the target fora comet remlcz\wis/asUT.ucl 
flyby mission to be launched in 1 * 1L ’ 

rendezvous is the third in a senes u i«Hf 
missions'-along with Hie Venus R»Lir ' Map- 
per and a Mars orbiier-iti be |inq)«wd bil- 
lowing recommendations by the ageiti ys-V" 

lar System Exploration Ccimnultee (SM-.t.) 
two years ago (Eos. November 9, I9H1., p. 

852.) It is planned as a new start in die Iim al 
year 1987 budget. 

The mission will be the first to use the new 
Mariner Mark II spacecraft derived from ear- 
lier vehicles such as Voyager and Viking and 
intended for deep space recoiiiiaisame. Ini- 
lowing a July 1990 space shuttle launch, die 
spacecraft will fly by and take close looks at 
the main-belt asteroids Namaciua and 1-iufci 
on its way to a rendezvous with Knpll in 
1994. 

Unlike the international swarm of space- 
craft dial will make high-speed llyhys of Hal- 
ley's Comet in 1986, die Mariner Mark II 
craft will stay with KopfT for several years, lie- 
ginning about 2 years before its close encoun- 
ter with the sun when the comet is in its inac- 
tive state. The spacecraft will orbit KupU and 
study it in great detail from ranges of less 
than 10 km during this period. Then, after 
the comet begins to heat up and form tails nf 
dust and plasma as it nears the sun, the 
spacecraft would back off to avoid the sur- 
rounding dust while it continued observa- 
tions. 

Kopff was chosen by NASA's Gomel Ren- 
dezvous Science Working Group, a team ol 
20 U.S. and European scientists, because of 
its short orbital period--6.5 years-and be- 
cause it is particularly active. It is also dusiici 
than most short-period comets. 

With the recent inclusion of the Mars Gc«- 
science/Climatology Orhiter as a new start in 
NASA’s budget for fiscal year 1985 (Em, Feb- 
ruary 14. 1984, p. 49), two of the SSLC core 
missions to revitalize solar system exploration 
i are already underway. Now that the con tut /as- 
teroid mission has been proposed as a 1987 
start, a Titan Probc/Radar Mapjier is the only 
one of the committee's "initial scquuitrv” nf 
missions as yet undctincd.--77f 

New Infrared 
Detectors 


ini ', olliir Ini ii.itiu.il li.i/.ndv Evaluations 

Will In- 1 ii.ii le "u .i * .iv In .av basis, as done 

ii in In ilu- pit"! '■S'li'in. 

liniilriiiriiied in I'iV 7. die prerimu system 
bad dim* ■ air got U"> ol tia/.ird statement: m- 
tin- ol poti'iitial li.i/atil. It.i/.nd w.ucli, and 
1 1 . 1 /a id wanting “A h.i/.ml warning tends to 
iri'JU 1 MUlir aiivii'ls within a iniummiily,* 
I'ak I'xpLimeil. I lie mw m sir in "will help 
eliiuiii.iie miii.iihuis in whit It I'SGS state- 
ments might i.iiise iiiiw.il i. lilted public con- 
ii i ii mrl potriili.il li.i/.ilds that present low 
risk to iIk- publti I lies also will ilarify a situ- 
ation in wlmli wr lwlii vi- a potential hazard 
may i lew nr riiltn a ne.ii-ieim nr immediate 
lespniisr to save lisrs m ptopeity.” 
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i AGU 
MEMBERS 


Scientists at General Electric's Reseat t h and 
Development Center in Sclicucnady. N.Y., 
have developed a new process for maniil'ac- 
Luriug indium autimonide tieieciors dim will 
allow ihein to lie used in infrared spate satel- 
lites for die first time. The pnitcts red in es 
impurities in tlic detecioi.s nnd so decreases 
their "noise" level. 

In order to make sensitive iiifinieil obser- 
vations. detectors using coiiveuiiomd indium 
antimouidc must be opcraicd m icnipeiai tires 
below -18-rc, which ret|uiR' luiuitl iiiLrogen 
or liquid helium for cuuling. ’['lie new detec- 
tors will operate effectively at lempci ai tires as 
high as -15I°C, however, nnd can Ik? main- 
tained indefinitely by satclliic roliigeraiioii 
systems powered by onboard solar cells. 

Indium amimonide is the most sensitive 
and cheapest material available for infrared 
detectors, but until now its use has Ih-ui re- 
stricted to imaging systems on kind or aboard 
aircraft because of die strict cooling require- 
ments. 


USGS Revises 
Hazards Criteria 

New criteria and terms have been adopted 
by ihe U.S. Geological Survey (USGS) Tor is- 
suing formal statements to government offi- 
cials and the public about geologic hazards 

landskd earlhqUakeS ' V ° lcan ' c cn, pdons, and 

The new, two-category system comprises a 
formal notice, called a hazard warning, and 
an informal notification for forwarding re!e- 

ficiali 1 CT ^ , * Ca * * n ^ ornia don to public of- 

h S S Direclor Mia? L. Peck described the 
» » Urinal statement by the 
V SoS thaL addresses a geolog- 
^ or hydrological condUiort. process, or po- 
lhat P 0 *« a significant threat to 


SAR Images 
Updated 

A new 1.11111-1.1 st si fill using Liseis mid 
t liai gc-i ihi|iIiiI dt-viirs ami w hit h can obtain 
d.iu In iiiil.tr .it ant time nr under any 
wt',11 lit'l t mid it mi i % has hem detignctl b) the 
('.alii i ii tiia Insimiir ni I n in mingy as pan of 
u NASA iniitimmig pi ngi am. I lie systems 
iuieutli'd in iiu|iinti- tin- imaging lunctinnsof 
syndii'iii n|K'i.n ivr i ail.ii i.SAK) imiu. SAR 
units bate bci-u tallied nit tardi-urhiuns 
siKiteti.il l stub as tilt' Jitasat satellite ana the 
S |wte sliuitle Columbia. In dte [Mil, imaging 
was achieved as the lesttll ni a cuinplex proc- 
ess Ii. mi him. I lie new system transmits ra- 
tlar imaging data diieiily in an earth station 
in real time, the i oil It being an iiutania- 
iiemisit stilt lifsi/eil leplu.itinil. 

'I lifie ate teal advantages in I wing able to 
tolled an eiuiie image m leal time. Tedioui 
tlaia toilet limi. aiialtsis. and iiMitptiicr proc- 
essing ate fliiiiiii, lied. I lie imaging studies of 
ground and m ran sinlatt's will lie enhanced 
lit being able adjiisi die experiment and 
also in ii'pinilnir nbsei t.ninlis- In addition, 
die i.idai beam jienei i ales mm the caiih, re- 
vealing diiet-tlinieiisiiiiial si i lit lure. 

The new stsieni has a supliisticatetl micro- 
wave li.uiMiiiliei and an .uueiin.1 dish irk- 
signet! In Ii'll'ive Lu Vs, at tried iiKliaiion.ro 
die new design, the him that words ikf Ini ' 
iige is icpl.it i-il with an .iioiisltHqHua**^ 6 
tvliitli thaiges up Iron- the tadm MidmM- 
goes « i| ii n a) ll.ilisiuissinil t h.iligi's IIW'U to 
mi K filial e a lnnli-iii l.isei brain. Anuthcr 
aiiiiislo-iiplii id iltsi.il is used intuiBBW® 

1 1 1"d II Lit I'd signal nutn the « liaigf , ‘ ,lU I" rt 
ties'll e.- /'.W/l 

More Quakes, 
Fewer Deaths 

I lie |I.S. ( ienlngit al Sm tey's CUSUS , 5^ 
iiniui K.nibi|ii.ike liiloinialHin CwtUT 1 
sued a hail iiews/good news il‘|»)H 
I be ImiI news is ili.ii ilirn* n . wr L 


I III.- Ilild 111 n HUM . . ..jr 

taut earthquakes wntltlwiile ll" 1 ' 1 

si 1 be giMHl news hihamnj ■ . 

prisons died as the lesult "1 dti'w 1 ' t|> 

I 

ili.ui ball 1 1ll' l!Wl lull. , , 

Signilii.ml imi tliquakes are ik'» H , 
those nl m.ignliude 6 5 «»f glfajef' ' 
whit I. . anse . asiiallies nr 
age. I heie welt- 7(1 sii.lt » ‘Lj.0 

with l-l i lassitied as "linijol H'W oKpliiJ 

IO 7.9. "(iteal quakes." ni 
have avn.igfd iilmtil mic a year m ^ 

i v, but I9K3 was lire third year in a ro* 

I lu- biggest jolts ol IWX l«jy 

Hide 7.7, bit Japan tin May*® J ^ 


Ocean lie, it die i si am I ul DtegM J' QU5 b 
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By lar the tleadliest wirtliqua 1 *'. f 
mine than half «f the yeur*ro . jjgjli 
sirtii k nnrllurrii Tut key ,m . fiO lil- 
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lages ami lelt 25,000 persons iB 

Quakes in CKtiitea on Bccenioer _ 
Columbia tin March 31 also M . 
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occurred in the United Slates?'' 
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USGS hydrologists said dial prolonged 
rains in die East, abetted by warmer lempera- 
iures that melted accumulated snotv and ice, 
pushed February si reruns to well above aver- 
age flows at 90% of the region's 29 key index 
gaging stations, by contrast, in January, none 
of these same stations reported above average 
flows. 

Nationwide, 55% (94 .stations) of the 172 
key index gaging stations re|>orted stream- 
flows that were well above average (within the 
highest 25% of long-term record), 38% re- 
ported average flows (65 stations), and only 
7S (IS stations) reported flows that were well 
below average. 

Record or near record high si ream Hows oc- 
curred at 29 index stations in 13 states, in- 
cluding Alaska, the District of Columbia. 
Florida. Georgia, Iowa (3), Kansas. Michigan 
(2), Minnesota (5), New York (3), North Da- 
kota, Utah (4), Virginia (2), and Wisconsin 
(4). Flow of the Cedar River at Cedar Rapids, 
Iowa, for example, set a new record high 
flow for February of 28.8 billion liters per 
day (bid) (7.6 billion gallons a clay), die high- 
est February flow in 82 years of record. 

The combined average flow of die nation’s 
three major rivers — Mississippi, Si. Lawrence 
and Columbia — reflected the generally above- 
average February stream flow conditions. Up 
by 1 1% over January, die rivers totaled 2570 
bid, 4% above the long-term average for Feb- 
ruary. These three rivers drain more than 
half of the lower 48 states. 

Hydrologist Hai Tang of the USGS Nation- 
al Center in Reston, Va., said that ground wa- 
ter levels were generally higher than usual 
for February. New record-highs were record- 
ed at key wells in Iowa and Maine. The key 
well near Dunning, Neb., reached a level of 
0.75 m below the land surface, the highest 
level in 50 years of record. In Nevada, the 
Siepioe Valley and Paradise Valley wells were 
at record-high levels for February. The index 
well in Las Vegas. Nev., by comrasi, set a new 
record -low level, the lowest in 40 years or re- 
cord. 

Average flows of die so-called “Big Five" 
rivers were up substantially from January, 
with only die Columbia River sliowing a 
month-to-monlh decrease. Flows uf the "Big 
Five” for February were as follows: the Mis- 
sissippi River at Vicksburg. Miss.. 1616 bid, 

2% below average, but 18'2 more than the 
flow in Januaiy; the Si. Lawrence River near 
Massena, N.Y., 647 bid, 1 3Vr above average, 
and an increase of I \% from last month; the 
Ohio River aL Louisville, Ky., 428 Mil, equal 
to the long-Lerm average, but neai ly twice the 
flow of January; die Columbia River at The 
Dalles, Ore., 307 bid, 22% above die long- 
term average, buL clown 14# from January; 
and tilt* Missouri Rivei at Hermann. Mo., 227 
bid, above the average February leadings, 
and 84% greater than last month, (map cour- 
tesy of USGS.) 

Geophysical Events 

Volcanic Events 

Home Reef (Tonga Is.): Submarine eruption 
builds islands; lephra to 1 2 km 
Submarine Volcano (Izu Is.): Large area nf 
discolored water; small plumes 
Rabaul (New Britain): Seismicity intensifies, 
till rates increase 

Manam (Bismarck Sea): Pyroclastic ava- 
lanches, scoria flows; eruption columns to 
5-8 km; stage- 1 alert in force 
Langila (New Britain): Activity declines; 1 
vulcanian explosion 

White Island (New Zealand): Tephra erup- 
tion from new vent 

Galunpgung (Indonesia): Small phreatic ex- 
plosion 

Nyamuragira (Zaire): Lava flows from NW 
flank 

Piton de la Fournaise (Reunion Is.): Tremor 
declines, then eruption ends 
Kilauea (Hawaii): 15 l1i and 16th major 
phases; lava fountains to 320 in; large 
lephra fall 

Ml. St. Helens (Washington): Lava extrusion 
slops; deformation and seismidty decline to 
low levels 

Veniaminof (Alaska): Eruption continues; 

lava fountains and flow 
El Chichdn (Mexico): No new eruptions; cra- 
ter lake conditions unchanged 
Atmospheric Effects: Lidar still detects aero- 
sols but dawn/twilight colors decrease 

Home Reef Volcano, Tonga Islands, S Pa- 
f £ c ( iS ^S, 174.78°W). All limes are local ( = 

*7 + 75 hours). An eruption in the vicinity 
1 107 mC was reposed on March 2 at 
1107, Intense submarine activity ejected a 
plume to an altitude estimated by an airline 
pilot at more titan 7.5 km. A surface layer, 
probably pumice, extended 60 km to the NE 
and was 20-30 km wide, enveloping Late Is- 
and (25-30 kpi to die NE). Surface discolor- 
Uon of the sea covered a larger area. Ahoth- 
r report at about the same lime described a 
ra fc of the same dimensions drifting 
w. South Pacific Islands Ajnyays (SPlA) re- 

I7?80°w at U,C #Ctivity WHS at 19 -°° S ' 

Gerald Dion piloted Pan American World 
irwavg flight 81 1 (Honolulu to Auckland) 

P cr area on March 3 at about 0780. . 
vi™u a ^° ut km upvyind, the eruption was.’, 
uble through broken Weather clouds for ; 0 
“out 1 minute. A medium-dark reddish- 1 ’ . 


Earthquakes 


Magnitude Latitude Longitude 


Depth 
uf Folds 


February I 
February 7 

February 17 


34.tiK°N 
9.9 US 

36.4 3°N 


7H.54°E 

16U.4il ft E 

7(J.UI e E 


Region 

NE Afghanistan 
Solomon Is- 
lands 

NE Afghanistan 


brown eruption culumn rose front a subma- 
rine vent within a horseshne-shaped island i 
open to the E. The eruption column reached I 
slightly more Lhan 12 km altitude (several ; 
hundred meters above the aircraft) where < 

winds carried its top at least 15 km NE. i 

During the morning of March 4. an SPIA i 
pilot reported that an eruption cloud was still i 
visible, rising high above die sea surface. He ; 
saw floating pumice drifting away From the i 
eruption site but no island appeared to have 
formed. However, before the eruption had 
ended, by March 5 at 1030, iwo small islands 
had formed with a maximum elevation of 
about 20 ni, enclosing a crater about 1500 by 
500 m. 

Island-forming eruptions of Home Reef 
Have previously occurred in 1852 and per- 
haps in 1857. 

Information Contacts: Rain Krishna, Direc- 
tor of Meteorology, Fiji Meteorological Ser- 
vice. Private Bag. Nandi Airport, Fiji; John 
Latter, Geophysics Division, Department of 
Scientific and Industrial Research, P.O. Box 
8005, Wellington, New Zealand; Gerald Dion, 
Box 417, Kenwood, CA 95452 USA; Meteo- 
rological Office, Nukualofa, Tonga; William 
S. Smith and Toni Kossurias. Federal Avia- 
tion Administration, 800 Independence Avc. 
SW, Washington, DC; 2059 1 USA. 

Submarine Volcano, Izu Islands, Japan (pre- 
liminary location 26.0VN, I41.I3 9 E). All times 
are local ( = VT + 10 hminl. On March 7 ai 
1230, (lie crew or a Japan Maritime Safety 
Agency (JMSA) transport plane flying abnm 
130 km N of Iwo Jima observed a fan-shaped 
zone uf discolored sea water that extended 
about 25 km WSW from a submarine vent. 

The innxiiiHini width or the disculorcd zone 
was about 9 kin. A helicopter from die base 
at Iwo Jima flew over the area shortly there- 
after and its crew estimated that the extent ul 
the reddish-brown water was roughly as large 
as Iwojimu Island (about 5 hv 8 km). 

The next illuming, JMSA personnel ob- 
served continuous submarine eutplive activi- 
ty. Gray nr yellow ish-bmwn water was cjeiletl 
every 10 minutes .uni waxes spread outward 
from the vents. The sea culms included gray, 
white, yellowish brown, and reddish brown. 

The JMSA observers saw neither plumes nur 
floating ejena, .ilthmigh small while plume* 
and rocks or reels were seen during a flight 
by die Japan Maritime Self-Defense Force 
(JMSDF) at about noon the same day. On 
March 12, personnel aboard a JMSDF patrol 
plane again saw floating material, and a 
plume ahum IUU ni above sea level. Only dis- 
coloration was found during a JMSA flight 
March 13. As of the 13th, no new island had 
been observed at the eruption site. 

The activity was located neai the site or an 
eruption reported in 1543 at 26.00 (, N, 

I40.77°E. 

Information Contact: Office of Volcanic 
Observation, Japan Meteorological Agency. 
1-3-4 Oie-utachi. Chiyoda-ku, Tokyo 100, Ja- 
pan. 

Manam Volcano, off the N coast of Papua 
New Guinea [d.lOPS, 145.06^1 The following is 
a report from P. Louienstein. 

“A phase of major eruptive activity com- 
menced at Mariam’s S crater in mid-February 
when a series of pyroclastic avalanches was 
discharged into the SE valley. 

"Moderate strombo- vulcanian explosive ac- 
tivity took place at the S crater during die 
first hair of the month, blit an intensification 
was noted from February 12. and on the I7ih 
the first pyroclastic avalanche was discharged. 
This and the succeeding avalanche on the 
2151 descended about 4 km from the summit. 
Smaller avalanches were produced on most 
days after the 21st, usually terminating about 
2 km from the summiL. 

“Ground and aerial inspections near the 
end of the month revealed that the numerous 
avalanches had obliterated most of the pre- 
existing surface in the upper half of the val- 
ley. Trees were flattened and had lost limbs 
and foliage. Scoreliing of vegatation had tak- ■ 
en place on die 200-nt-liigh Valley walls and 
beyond to distances of iOu m. In addition to 
these hot pyroclasdc avalanches, numerous 
flows of loose scoria from rapidly accumulat- 
ed airfall deposits around the vent were also 
noted. These scoria flows descerided into, 
both the SE and SW valleys, terminating 
within 2 km from the summit. 

“Verucal explosion activity at the S crater 
produced an impressive eruptlop column 
.which rose to heights of 5-8 km above die 
vent on several daw. Incandescent pyrodasts 
Were ejected to heights of about 700 m, Feb- 
' riiary 17-29. Ash falls in coastal areas were 
generally light, although the accumulated 
thickness may have been up to several centi- ;■ 
meters in places, resulting in. die loss of 1 

branches from spine tree?. 1 . ' 

. "Thi main' crater was moderately acuve 
throughout the month- Generally,' the rate of • 
ash and vapour emission was weak to moder- ; 
ate. Wetkk, fluctuating glow at might indicated | 
sma|l eji^rtions of incandescent laya within the 
crater. •! - ' ’.»• ! •"' v 


"Seismicity showed a strung increase al 
mid-iuniuli coi responding with die intensi- 
fied visible explosive activity. Between Febru- 
ary 14 and 19 the amplitude of B-typc events 
was abnm 8 times normal. During the re- 
mainder uf the munth a slight reduction to 
about 5 times normal levels was noted. Daily 
totals of volcanic earthquakes were steady at 
about 1 700 (February 1-12), rose to 2100 
(February 13-25). then returned to 1700. 

“Tiltnictcr measurements indicated a 
steady deflationary change of about 2 micror- 
adians. 

“The stage- 1 volcano alert, declared on 
January 24 in anticipation of increased activi- 
ty, was maintained in force throughout the 
month. Warnings were issued to the local 
population tu stay out uf the SE and SW val- 
leys." 

Information Contact: P. Lnwcimein. Prin- 
cipal Government Volcanologist. Rabaul Vol- 
cano Obscrvaiury. P. O. Box 386, Rabaul, Pa- 
pua New Guinea. 

Earthquakes 

Iiifunnaiiui! Com act: National Earthquake 
Information Service, U.S. Geological Survey, 
Stop 967, Deliver Federal Center. Box 25046, 
Denver. CO 89225 USA. 

Meteoritic Events 

Fireballs: SW anil Manitoba, Canada; Ari- 
zona, Connecticut, Florida. Kansas, Mary- 
kind, and Oregon, USA 


Tliit is a siiiinii.il v <4 SF.AN Bulletin, Kehru- 
,ii v 2 l J. I'Jirt, a public alien nf the Sinillisnnkiii Insu- 
lin inn's Stieuiilic F.vcni Alcn Nctnnrk. The com- 
plete Eli line Reel. Submarine Vulc.iim. .uul Manam 
icpmis are iiuliiilcil: ibe t-jrihqiial.c icpuii is an 
excci pi. The cmnplcic biilk-iiu is available in ihe 
niicrufiihc ediiimi ut Ens as a mien ilu. he supplr- 
iiieui nr as a paper rt'|iriiii. For ihe uii< ruliclie. 01 • 
tier iim u uieiii fttl-lllt'l ,ii (L 1 S.j hum it.’ 
Fiilfilliiicni. 'Jill ill Hni i<l:i Ateriue. N.W.. W.ishing- 
Kiil. D( - ‘.’iHni'l. h>r lire paper lepiiui. nnlei SE.W 
llullrhii idling Hiitiuie ami issue iuiiiiIh.-is ami nme 
dale) ibmiigli AT- 1' St jLirates ,u ilu? abuse aildress. 
i lie price Ls S3. 50 for one ropy nf cacli issue number 
fnr ih"" < u'li> < fin mil havr a «Iej «it jmnini. 52 Inr 
lluiu: uh>> ib. .iililiUuu.il ■.I'plts ul e.i'.ll issue litilu- 
her are SI. Siibscnpiiuns 10 Sli.W Bit! trim .uc avail- 
able fri.nii Alii’ Fulfillment al lire abuse address: 
the price is SIS fui 12 mom his issues mailed lo a 
U.S. address, $28 if mailed elsewhere, ami iimsi be 
prepaid. 


Recent Ph.D.’s 


Eos periudicallv lists in forma lion on recently ac- 
cepted tbxior.il disscriaiions in ihe disciplines of 
geophysics. Faculty members arc inviicd lo subinii 
lire following in formal ion, uii insiiluiioii letterhead, 
above the signature nl the faculty advisor or depart- 
ment chairman: 

(!) the dissertation title, 

(2) author's name, 

(3) name of the degree-g nulling department and 
institution, 

(4) faculty advisor, 

(5) monlh anil year degree was awarded. 

IT possible include the current address and tele- 
phone number or the degree recipient (this infor- 
mation will not be published). 

Dissertations with order numbers, and many of 
the otiiers listed, are available from University Mi- 
crofilms Inter national, Dissertation Copies, P.O. 

Box 1764, Ann Arbor. Ml 48106. 


AMERICAN GEOPHYSICAL UNION 
800-424-2488 


Effects of Ice Sheets on Climate Sensitivity. K. P. 
Btmman, Geophysical Fluid Dynamics Program, 
Princeton Unis-., [anuaty 1984. 

Evidence fur the Nature of the Lower Cnut Be- 
neath the Central Colorado Plateau as Deriivd 
From Xenoliths in the Buell Park-Green Knobs 
Dialer mes, T. F. O'Brirn, Dept, of Geological 
.Sciences. Cornell Univ.. August 1983. 

Experimental Investigation tf Some Physiochemh nl 
Controls on Zeolite Formation: Implications for 
Authigenesii. R. J. Dona hoe. Dept, uf Geolugv. 
Sianford Univ., Dctcmlicr 1983. 

Generalized Velucity Filters. Shut-Size Calibration 
in the Frequency Domain, and Seismotectonic 
Study in the Northeastern United States. Jib-ring 
Yang, Dept, of Geological Sciences, Columbia 
Univ.. lanuuiy 198-1. 

Geochemical and Experimental hmsligahnns of 
Andesite-Water Interactions mid Their Relation- 
ship to Island-arc Geothermal Systems, R. N. 
(•uillenietie, Dept, of Geology, Stanford Univ., 
August 1983. 

Geochemistry of Orta Basin Sediments. Dcr-Ducn 
Sheu, Dept, of Oceanography, Texas A&M Univ., 
May 1983. 

Heat Flow Studies in the Gulf of Oman and IVVrf- 
ern Mediterranean Basins, [. Iliuchisun, Uept. 
or Earlh Sciences. Univ. nf Cambridge. UK. 1983. 

Isotopic Evolution of Continent Crust : Granite 
Pelmgenesis and Sedi nun t-Recyfi ug, c. D. I- tost. 
Dept, uf Earth Sciences, Univ. of Cambridge, UK, 
1983. 

Late Cenozait Geology of the Western Big Bend, 
Sau Andreas Fault, T. L. Davis, Dcpl. of Geolog- 
ical Sciences, Univ. of California at Santa Bailura. 
1983. 

Late Quatei nary Geology of the Upper St. John 
River Basin. Nuilhnn Aluine ami Adjacent 
C./niudii, J. S. Kile. Iiept. ol (•eology anti <it*o- 
pltvslrs, Univ. ol WiM Oioin-Madisoii, Angiisi 
1983. 

Rocks Fit, m the AlcDcrmitl Ctildeui Complex, N’e- 
vndii-OiegiHi, mid Adah Island Alaska: Evi- 
dmee fm Cni.it at Deivlopnu-nt, VV. K. Conrad. 
Dcpl. of 1'icnloxiiiil Si can cs, ('■■rncll Univ., Au- 
gust 1983. 

Srismir Difjmction Processing Applied to Data 
From Ashland County. W. F.. Dull, Dept, of Geul- 
ogyaiid (•l , o|iIi)mls. Univ. ul Wiscoiisiit-M.iilismt, 
Dcseinliei' 1983. 

Sod (Jirtnndiigy, Geology, mid N'eatritoiiin of the 
iVwffr Central Vent met Busin, California. I . K. 
Kit) m il, |i('|iT. ul ta-ologii.il Vieim s. L'niv ol 
( alilorni.i at Santa llailMia. I'm-i 

Stour Hound, „y hih'giid E/iuutuni nnd 

TIu-ir Application tv Seiurm Exphuathm.t, l 
Si lui-ilei . Aldrulgc- I .ill. ot Applii-il I >i-o|ilis-|i v 
tulmuliia Unis.. |.nni.irv I'lM 

Sou ter Apfnn tiotinn-iit of I'niti, idutr An Pollution 
tn Metmfnditiin llintiai. t 'n |> Tlmi sum. Di pi ol 
Lliviioiimc-iual ilc-.ilili Sciciuc-s. Mai sard .Sili'-ol 
ot 1‘uhlir Mi-aliJi. Harvard Univ. . June 1983. 

Sli-rh^MI'lu and Vo(n«< at.Jogy nj th, Up/,., 
tel azoic Kingston Peak EormtiUnn. Pnnaumil 
Range. Eastern California. \ M. t>. Millti. IH-pi. 
ul Geological Si uiki-s. Unis ol C ..ilita irnt.t al A.m- 
la Barbara, 1983. 

Stratigraphy, Pefiutagy and 7 erUnac Setting of ihe 
Alisilo, Giinip. Ruju ( ufijm nin, AIrsito, [. M. 
Iteggs. Dept, uf Geological Sciences, L'niv. ui Cali- 
fornia at Santa Barb.ua, 1983. 

Upper Llandovery Gm profiles mid Stratigraphy of 
the Noi them Oslo Region, M. P. A. Hu we. Dept, 
□r Earth Sciences. Univ. uf Cambridge. UK, 1983. 

Use of Pliotuianivitbn and Other Detectors fur Gas 
Chiomatugmphic Determination of Gaseous Air 
Pollutants, \\\ Nuunagsil, Lalwnuorv fur Ainio- 
splieric Research, Washington Stale Umv.. Febru- 
ary 1984. 

Variations of the Fraser River Plume: Observa- 
tions and Computer Simulations, L. Royer, Dept, 
of Oceanography. Univ. of ilrilish Columbu, July 
1983. 

West Spitsbergen Current: Transport, Forcing, 
and Variability. D- J. H.inzJick. Sch. af Oceanog- 
rapliy, Univ. of Washington, December 1 983. 

Whistler Made Turbulence at Earth's Bau> Shock: 
Generation via Electron Beams and Ray Path 
Integrated Amplification, R. L. Talar. Dcpl. of 
Physics and Astronomy. Univ. of luira, December 
1983. 


Need to order Groundwater Hydraulics (1984), 
edited by J. S. Rosensheln and G. D. Bennett. Latest 
edition in the Water Resources Monograph Series. 

The 17 papers in this state-of-the-art monograph 
cover a broad range of hydrologic problems that are of 
immediate interest to, the theoretician, academician, 
and applied hydrologist. The principal subject areas 
examined are aquifer hydraulics, heat and moisture 
transport, and modeling. 

List price is; $18.-^ 30% discount to all AGU members. 
Orders under $50 must be prep aid. C all 800-4 24-2488;' 
i or In DC area, 202-462-6903. accepted'; : 
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The Montgolfier 
Brothers and the 
Invention of Aviation 

Reviewed hy Charles It. Moon 

Charles C. (iillitpii;. Prinratin Uiiivmiiy 
Press, I'linanon, N. J.. xi + 2 10 pp., 1SUN 
0-fiy 1-0832 1-5. I U83, $35. 

The (ml Iwl air balloon ascension over 
Paris in September 17NS lias been described 
»> many limes that il and its passengu tv-i lie 
sheep, the tcmsicr. anil die duck-— have 
joint'd benjamin Franklin ami his kite in the 
liilklure or our culliirc. Nut so well known is 
the earlici history of halkjoning; that the 
brothers Mmtlgullier had deiiiunsliJlud iheir 
licit air balloons repeal erily for several months 
prior to the ascent over Paris; or that the 
physiiui Charles, urged on waul and financed 
liy an enthusiast. QnrthOlenty Faujas dc Saint- 
Foinl. launched successfully the first fabric 
balloon filial with hydrogen over Paris more 
than .'1 sleeks prior to ihe memorable ascent 
of Ihe sheep, and roaster, and the duck. 

For all of its well-documented detail, the 
book is readable and enjoyable. It is a well- 
written bill complex book in which Professor 
Clillispie develops a number of subjects to re- 


create the era in perspective. The origins and 
the disposition of the Montgolfiers, the indus- 
try of the period, the idea of capturing he. 
ed air arc all reported in detail. The attempts 
to obtain government funding and Hie pro- 
motional activities in Paris were forerunners 
of the modern techniques for obtaining sup- 
port of research activities. 

The account of the overly ambitious dem- 
onstrations required of the infant art of bal- 
looning is timeless. A similar and predictable 
sequence developed 160 years or so later, al- 
ter the end or World War II. when Jean Pic- 
card adapted plastic films to the construction 
of high altitude balloons. A 20tli century en- 
trepreneur with an outlook similar to tliat or 
same in the 18th century seized on Piccard's 
idea and sold the American Navy on an am- 
bitious program in which a cluster of 100 
large balloons would be used to carry a gon- 
dola with about 100 instruments to an alti- 
Ludc or about 100,000 feet (30 km). 

The ascent was scheduled with a fixed dale 
in 1947 before the first useable, plastic bal- 
loon was even constructed. The eventual in- 
flation test of the first new balloon was a di- 
saster, worse than any suffered by the Mont- 
golfiers. Under a light wind, the gossamer 
balloon became a vast, unmanageable spinna- 
ker sail breaking all of the restraining lines 
and all hopes for the experiment that had 
been planned. Eventually, techniques to han- 
dle the new technology were developed and a 
more perceptive management rescued the 
urogram by the creation of ProjecL Skyhook 
hi the Office of Naval Research. This ap- 
proach led to a renaissance of scientific bal- 
luonlng that continues to this day. 

The high cost of helium, the inflation gas 
for these modern rharlifrres, has led to a re- 
surgence of interest in hoi air balloons. Over 
the past 20 years Montgolfier balloons have 
been improved by Ed Yosl and his associates 
through the use of high-intensity, propane 
burners and newly designed envelopes of im- 

E raved fabric so that hot air ballooning lias 
ecome a major sport worldwide. 

While Professor Gillispie's account of early 
ballooning is fascinating mid a paradigm of 
later human endeavors, even more interest- 
ing is the latter pan of the book with its liis- 
lory or early attempts to construct internal 
combustion engines, of Joseph Montgolfier's 
invention of the hydraulic ram, of the early 
kinetic energy concepts, of Carnot's anteced- 
ents, of bridge design, and many oilier semi- 
nal undertakings. As a student of thunder- 
norms, l am delighted to learn of Joseph 
Montgolfier's electrical explanation for the 
formation of intense rains that even then 
were observed to fall after nearby lightning 
(page 141). 
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REPUTATION FOR VALUE WITH 
THESE 1984 JOURNAL PRICES 


Geophysical 

Research 

Letters 

Edllor-in-chlef is James C. G. Walker, 

Space Physics Research Lab, University 

of Michigan 

Same price as last year 

$22 (U.S.) $27 (Non-U.S.) 

Geop/iys/ca/ Research tellers is 
published monthly. GRL contains 
reports of the fa/esf research geo- 
physics-papers are published 9 to 
12 weeks afler receipt of manu- 
script. GRL has only peer reviewed 
papers, with full author and subject 
indexes al year's end. 

TO PUCE YOUR 1984 SUBSCRIPTIONS 
TO EITHER OF THESE JOURNALS: 

WRITE: American Geophysical Union 
2000 Florida Avenue, N.W. 

Washington. DC 20009 

t WIRE: Woslern Union Telex 710-022-9300 


Reviews of 
Geophysics and 
Space 
Physics 

Edited by James Holrlztor, Woods Hole 
GoMiuinMphii: institution. ,ind Andrew 
F. Nagy, linivniuUy til Michigan 
A 353a savings over last ynar 
SIB (U.S.) $20 (Non-U.S.) 

This journal, published quarterly, con- 
tains pnpors Hint distill previously 
published scientific work in current- 
ly active areas of geophysics and 
space physics 

Now all members can afford to 
have Reviews of Geophysics and 
Spnce Physics in (heir personal 
research libraries This Union-wide 
journal of pertinent review articles 
has been specially priced. 

CALL: 800-424-2488 

(202) 462-6903 (lor.il DC men or outside Ihe 
contiguous USAI 


l do have one small disagreement with the 
author's intent, and this has to dn with ilu- in- 
clusion of the word “aviation" in the title and 
in the text. In my view, the Montgolfiers did 
not "invent aviation" for, in most lexicons 
available to me, aviation implies "objects, 
lieavier-than-air, flying with wings." This ad- 
vance was noL achieved for more than 100 
years after the Montgolfiers. According to the 
Oxford dictionary, the word "aviation" lu st 
appeared in 1887 and it meant "flying in an 
aeroplane." In 1886, Gaston Tissandier sum- 
marized the origins of ballooning thiix: " I he 


Montgolfiers created, by experiment, the 
principle of the balloons; Pilfttrc dc Kn/irr, 
by his ascension (the first manned one, in 
November 17851, demonstrated the usage ol 
travelling in the air; Charles transformed the 
new invention and created the aernstatir art." 
This appraisal. I think, is still appropriate. 
Certainly the undircctabiliiy and the limita- 


tions ol balloons |i-d lain inuovatois to the 
inv nil b hi ol a\i.nioii. Ihe Montgolfiers anil 
their siircesvns nude so many oinuibntions 
that my i.ivil heir is a niiinn one. The book 
would he hevond inv te|no.uh ii the author 
lud been less aiuhiUuiis with his claims oflhf 
invention ol aviation. Ihe index imliebool 
is quite min pirn and most tisc-l iil ami the 
hook is well hound. I his cngani/cil and uifr 
ful uimpilaiion •»! die early m ienlific romn- 
hut ions I iv Joseph and luieuiie Montgolfier, 
of Professor |. A. C. Charles, of Meiismcr* 
l a Plai e, ol Man Sequin and ul nwiiyoihris 
is must valii.il ile; it will long he used 
peleiil guide and si nine hunk lur the liHWO 
of the origins ol model n s« ienii’ and trelin®’- 

m- 

Chillies II. Mill'll- is with the Nev 
tiltr nf Miunifi mill Tirlmulni^i, Suton»< AW 
N7MI1. 



RATES PER LINE 

Position! A suitable, Services, Suppliti, Cowin, 
and Announcements: first insertion $5.00, ad- 
ditional insertions $4.23. 

Positions Wanted: first insertion $2.00. addition- 
al inter lions $1.30 

Student Opportunities: first insertion free, addi- 
tional inter iioru $2.00. 

There are no ducaunli or commissions on 
classified ads. Any- type style that is not publish- 
er's choice is charged al general advertising 
raiev Em is published weekly on Tuesday. Adi 
must be received in writing by Monday, I week 
prior to the date of publication. 

Replies to ads with box numbers should be 
addressed id Box American Geophysical 
Union, 2000 Florida Avenue, N.W., Washing- 
ton. DC 20009. 

For more in Formal ion, call 202-481-4903 or 
toll-free 800-414-2488. 


POSITIONS AVAILABLE 

University of New Mexlro/Paleonugneilira. The 
Department uf Geology of The University of New 
Mexico invites applii.iunni fur a tenure track full- 
time position us an Assistant Professor with a spe- 
cially in |ialctmiAHnctiuii beginning Fall 1684. The 
successful undulate will be expected to maintain an 
active incarh program and teach at the undergrad- 
uate and graduate level. The Department hat six- 
teen full-time Vacuity, is located m a spectacular nat- 
ural setting anti has excellent analytical facilities. 

Applicants should submit a resume, transcripts, 
nnd inrrr letters or recommendation tu R. Ewing. 
Department of Gculogy, Albuquerque, New Mexico 
H7 IS 1. Tlie deadline Tnr atrpliraiiuni U April 10, 
IBM. 

The University of New Mexico is an equal oppor- 
tunity ^affirmative action institution. 

Reacareh Sciential. Ph-D. in Geology or planetary 
sciences with five years experience on Job or seven 

I ran of tximbinccl research & leaching experience 
1 planetary and terrestrial volcanic processes. To 
undertake research in the application of satellite re- 
mote Kitting data and tligluu image processing to 
the interpretation of vokortk terrains. Experience 
piu*L Include combined field and laburatoryr 
multi* need'll LANDS AT studies of terrestrial ml*, 
sank centers in addition to phot o«o logic studies of 
lunar and planetary volcanic structures. $40,280.00/ 
yr., 40- hr. wk. Contact Texas Employment' Cottinli- 
sibft, Houston, Texas, Job Order No. $384 820.br- 
send resume to Che Texas Employment Commis- 
sion, TIC Building, Austin, Texas 78778, Job Or- 
der No. 3384820. Ad paid by Equal Employment 

Opportunity Employer. : ; . 


Staff Posilion/Departmenl of Terrestrial Magne- 
tism. The Depart mem of Terrestrial Magnetism 
of the Carnegie Institution of Washington invites 
applications for a staff position in geochemistry. Ap- 
plicants should have a demonstrated ability for ac- 
tive and innovative independent research using 
tracc-clemcm and/or isotopic techniques to investi- 
gate the origin and geochemical evolution of the 
solid earth. 

Applicants should send a resume and have three 
letters of reference forwarded by May 15 to: 
Geochemistry Staffing Committee 
Department of Terrestrial Magnetism 
3241 Broad Branch Road, N.W. 

Washington, D.C. 20015 
Starting time Tor the appointment is flexible 
though a target date of late 1984 is preferred. 

Cnrncgjc fnstituUun of Washington is an equal 
opportunity, affirmative action employer. 

Faculty Position In Slrucluil Geology ^Tectonics. 

The Department of Marine, Earth and Atmo- 
spheric Sciences, North Carolina State University, 
has an opening aL the Assistant Professor level, In 
of structural geology and tectonics. We will 
nil this position with cither a tenure track or tempo- 
rary appointment beginning with the Fall 1 984 
term. For the temporary appointment ranks higher 
than Assistant could be considered. A Ph.D. is re- 
quired. 

The successful applicant will be expected to leach 
courses in Hruciuraf geology, structural analysis, tec- 
tonics, and/or other areas of research interest. The 
tenure track appointee will be expected to develop a 
vignruui program of sponsored research and to di- 
reagiaduaic student projects. 

S j° cp ?? men . t “ ,rre,u ty has 31 full-lime 
WpalU r, .Ma l ll ing i l ? PdoRlHa »nd geophysicists, 
ncase send complete rciumc and the names of at 

it™ 'SEJ- S-oddBjd, Sc.rch 


Marine Gcochomlil (Coastal Processes and Rndio- 
nuclldes)/Marlne Sciences Department, University 
of Connecticut. Nlnc-niomli tenure mirk imiMUom 
as an Assistant or Associate Professor in the Dciiuri- 
mentor Marine Sdcncci, College nf I.IIxt.iI Alts 
and Sciences, Pli.i). in earth science (ucuLhciuUiry), 
marine geology or oceanography iinna sminu ih>- 
teniial or demonstrated ability to cuntiiici unnu- 
uinded research required. The apixiiiniT will Ik- ex- 
peeled to teach undcrgradunic courses In ikl-iiiuiu- 
ntphy and advanced courses in his or her spc< laity, 
supervise graduate students, and conduit a strong 
research program In marine geochemistry fix using 
on the coastal zone with emphasis on radtnniidiillc 
techniques. Send rciumc, pertinent publiuiiinns and 
2? c e £?44?-r£ preference 1 by May 7, IUK-1 to: 
W.F. FITZGERALD, Chairman, Search Committee, 
Marine Sciences Department, College of liberal 
TI ^ UNIVERSl’fV OF CON- 
NECTICUT, Groton, CT 06340. 

(Sea h l #4 l A°^) 0rtU nty/afr ' rmal lvc ac, '°n employer 


t nil tit nl. IS nil h in ii-ijitiit* sliiittg 
iiiiuimti'i ptugi .mi i muK nml 
In ailililiuii to .1 wni king kl |,, wkdMi ''l » l ^ n( j 
Alillity to ptugt .mi in a xtiiHlsiw "UfSSkbPrf 
vx iiri li'i ii i* with SAS |in , li'i , « , il- ] u'luiriolwiM 
will liili*i.u I with i-iivimiinuJiHWl » jj '• , -j.n® 

in ii I ti ituiy /i- a ilat-i l».tvr nit wnirr /|S5Jf!Wi baiedo< 
tiiit I* in wide. S.ilaiy rangi* $211,111)11-*^' , ^ 

rxpi-iii'tiir. Send irsuim! and I he |,ain 
tereiriHi-s hy April Hi, IWM. t'* : 

' lit. Mh iiiii-l i'-h'rt.H Pwlrd 
N.iltmi.d Water yualiiy Kv"hijta> ^ , 
IW2 ihiwntiiwii IMvd- 

Nmlli 

[» it Li i u ii y/iillii-mal lvc action cm p W) r r. 


aSaiwfT ^ Applications will be corisid- 
cr ^ m Wll h > dosing date of May 1. 1984 

North Carolina State University is an equal on- 
poTlunuy/nifirmaiive aaion employer. ™ P 

TJe University; of Texu at Dallxi/Postdoctoral 
OpeolDg*. The Unhnrilty or Texu at Dallas oc- 

^ssssiBSEa'jffiWL 






FACULTY POSITION 

Geological Engineering Program 
Department of Civil and Environmental EngineermS 

Washington State University 
The Geological Engineering Program at Washington State 
, M a te nure-track faculty position at the aaslstant/asBOclate P r “ f ®. a 4.* 
area(a) of geohydrology and/or borehole geophysics. A 
equired qnd the ideal candidate will have a background combini % .• 
areas. ' , d''T'^ 

Geohydrology; A strong background In the geolpglcdl scienwfl 
high level of proficiency in numerical modeling Is highly desiif . ;JS|: 
Geophysical exploration background la also desirable. 

Geophysics: A Btrong background in borehole geophysics '^* 1 
' S Seohydrologyand evaluation of geotechnical properties °S 
highly desirable. . • 

Phn«a! U t“ eBB u 1 J ap ? llcantw,u te ach Undergraduate and 
an «^w n iP? hydrolog y and/o r geophysics and be dxpeoted^P 

ra Search program in volvii)g graduatp>tildents. PWgA 
quailflcatlbns to obtain such re^ptrafclol>*:£ Wjjg 
abo'ild send a resume, copift of bnder^^*| 
ImrinriiJ v a ii 9 riptB V, and at ^ast three Iptters of recornmeAd^ 


l&M 
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HANFORD 

Hanford Operations in Washington 

The Rockwell International-managed Hanford Reservation in 
Richland, Washington is a multi-plant chemical processing and 
nuclear waste management facility. Join us as we investigate the 
feasibility ol forming a nuclear waste repository within basalt (lows 
underlying the Hanford Reservation. Current opportunity In sup- 
port of the Basalt Waste Isolation Project include: 

Field Hydrologist 

To plan, conduct and document borehole hydrologic tests. Requires 
minimum 7 years experience in field testing with a degree or 
equivalent combination of education and experience. Knowledge of 
downhole geophysics and drilling techniques desirable. 

Hydrogeologist 

Assist in Interpreting, Integrating and documenting hydrologic data 
to evaluate the groundwater flow characteristics of a basalt medium. 
Advanced degree with minimum 6 years experience In Held testing 
and model development required. 

Hydrochemist 

Plan, coordinate and interpret the results of a variety of field solute 
transport and geochemical tests. Advanced degree and a minimum 
of A years relevant experience in geochemistry and hydrology 
required. 

When you bring your expertise to Rockwell International, you'll 
receive an outstanding compensation and benefits package, includ- 
ing company-paid medical, dental and life Insurance, relocation 
assistance, plus generous savings and retirement plans. Please for- 
ward your resume In confidence to: 

B.E. White (B21EOS3/20), Rockwell Internations!, Hanford 
Operations, P.O. Box 800, Richland, WA 99352. Equal Opportunity 
Employer M/F. U.S. Citizenship Required. 




Rockwell International 

...where science gets down to business 


CSIRO 


RESEARCH SCIENTIST/ 
SENIOR 

RESEARCH SCIENTIST 

$A24,344-$A35,806 
DIVISION OF SOILS 
ADELAIDE SA 

CSIRO conducts scientific and technological research In laboratories located 
throughout Australia and employs about 7,500 staff, of whom some 2,900 are pro- 
fessional scientists. The Oraanlzatlon's research activities are grouped Into five In- 
stitutes: Animal and Food Sciences, Biological-Resources, Energy end Earth Re- 
sources, Industrial Technology and Physical Sciences. The CSIRO Division of Solis 
Is a member of the Institute or Biological Resources.- 

FIELD: Soli physicB/hydrology/applied mathematics 

GENERAL: The CSIRO Division of Soils conducts research Into most aspects of 
soil science, including Ihe physics, chemistiy end biology of soils, and Ihe integra- 
tive disciplines of pedology and geomorphology. It also seeks Ihe application of its 
research In agriculture and In other areas of science and technology. The Division 
has laboratories in Adelaide, Brisbane, Canberra and Townsville. 


DUTIES: The appointee will undertake research as part of a program studying (he 
effect of climate and land management on the entry and redistribution of water In 
soils. It is anticipated that the principles developed will be used In studies of surface 
water management and plant/water relations. The appointee's research will be on 
the applied phyalcs or mathematical aspects of this program. Initially the work will 
be directed to the study and interpretation of the distribution of deuterium and oxy- 
gen-18 In relation lo the movement of water In soils and will Involve both laboratory 
and Held studies. 


The appointee will be based at thB Division's Adelaide Laboratory which Is 
equipped with a VG602 mass spectrometer, a wide range ol equipment for studying 
the physical and chemical properiles of soil and water, and drilling rigs designed for 
soil sampling. Computing facilities are available on site, and Ihe laboratory Is linked 
to ihe CSIRO Cyber-76 computer. 


QUALIFICATIONS: Applicants should have a PhD degree or equivalent qualifica- 
tions, supported by established research ability In one or more of the following 
fields: soil physics or pure physics, physical chemistry, applied mathematics, or hy- 
drology. 

TENURE: The appointment is for an Indefinite period, following satisfactory comple- 
tion of a probationary period. Australian Government superannuation benefits are 
available. 

APPLICATIONS: Stating full personal and professional details, the names of al 
least two scientific referees and quoting reference No A0539, should be directed lo: 

The Chief 

CSIRO Division of Soils 
Private Bag No. 2 
GLEN OSMOND SA 5064 
AUSTRALIA 

By April 19, 1984. 


CSIRO 


RESEARCH SCIENTIST/ 
SENIOR 

RESEARCH SCIENTIST 

$A24,344-$A35,806 
DIVISION OF SOILS 
CANBERRA ACT 

CSIRO conducts scientific and technological research In laboratories located 
throughout Australia and employs- about 7,500 staff, of whom some 2,900 are pro- 
fessional scientists. The Organization's research activities are grouped Into five In- 
stitutes: Animal and Food Sciences, Biological Resources, Energy and Earth Re- 
sources, Industrial Technology and Physical Sciences. The CSIRO Division of Solis 
Is a member of the Institute o! Biological Resources. 

FIELD: Soil Phyalcs and Physical Chemistry 

GENERAL: The CSIRO Division or Soils studies the physics, chemistry and biology 
of soli and other porous media, together with the Integrative disciplines of pedology 
end geomorphology. II also seek9 the application of Its research In agriculture, and 
other areas of science and technology, irte Division has laboratories In Adelaide, 
Brisbane, Canberra and Townsville. 


movement relative lo Ihe colloid. 

DUTIES: The appointee will provide theoretical support for this program and In par- 
ticular would be expected lo undertake research In some of the following areas: 
thermodynamics ol clay soils; stress fields In clay soil during water content change 
and loading and their relationship to shear and consolidation; phyalcal chemistry 
and mechanics of aqueous solution flow In day soil In relation to soil structure; me- 
chanical properties, Including the rheology ana structural stability, of saturated and 
unsaturaled clay soils, and clay suspensions. 

QUALIFICATIONS: A PhD degree or equivalent qualifications, with demonstrated 
research ability and training, for example, In soli pnyalcs, soli mechanics, physical 
chemistry, ana/or applied mathematics. 

LOCATION: The appointee will be based In Canberra, ACT. 

TENURE; The appointment Is for an Indefinite period, following efttlsfaclqry comple- 
tion of a probationary period. Australian Government superannuation benefits are 

available. •• • •.. 

APPLICATIONS: Slating full personal and professional details, the names of at 
least two referees and quoting reference N°' A0625, should be direoted |o; 

The Chief ■ ■ v; 

CSIRO Division Of Soils 

QPOBOX639 • 1 ; . 

CANBERRA ACT 2601 ! ! 

AUSTRALIA . , • . • _ -| • 

By April 19 , 1984 . y j 


CSIRO 

RESEARCH FELLOWSHIP 

$A24,344-$A35,806 
DIVISION OF SOILS 
CANBERRA ACT 


CSIRO conducts scientific and lech nolog leal research In laboratories located 
throughout Australia and employs aboul 7,500 staff, of whom some 2,900 are pro- 


fessional scientists. Ths Oraanlzatlon's research activities are grouped Into live In- 
stitutes; Animal and Food Sciences, Biological Resources, Energy and Earth Re- 
sources, Industrial Technology and Physloal Sciences. The CSIRO Division of Soils 
Is a member of the Institute ol Biological Resources. 

FIEL6: Soil Management 

GENERAL: The CSIRO Division of Soils studies the physics, chemistry and biology 
of soils and other porous media, together with the Integrative disciplines of pedolo- 
gy and gaomorphology. It also seeks to establish principles Tor ihe application of 
soil science lo agriculture, forestry* hydrology, engineering and conservation. The 
Division has laboratories In Adelaide, Brisbane, Canberra and Townsville. 


The Division proposes to appoint a Research Fellow lo participate in "Slragcrop", a 
collaborative project on soil and olher constraints on Irrigated crop production within 
the CSIRO Institute of Biological Resources. The Division of Soils component of the 


project will (ocub on structural and mechanical problems presented by soils In which 
structurally unstable surface horizons overlie dense and Impervious clay subBolls. 
Reid work will be concentrated at a site close to the CSIRO Centre for Irrigation 


Research at Griffith, NSW. 


DUTIES: The appointee will study aspects of the nature, origin and consequences 
of soil structural Instability in Irrigation agriculture. The study will address the physl- 
cal-chemistiy of these soils in relation lo their mechanical and phyalcal properties, 
and will S6BK to Identify means for their amelioration to ensure long-term crop pro- - 


cal-chemiati 


ductlvity. The research will Involve both laboratory and field studies and will comple- 
ment that of biologists and applied sclentlate In Adelaide, Canberra and Griffith. . 

QUALIFICATIONS: A PhD degree or equivalent qualifications, with demonstrated 
research ability and training in soil physics, sell mechanics or phyaloal chemistry. 

LOCATION:' The successful applicant will be based In Canberra, ACT. - 

TENURE: A fixed term of 5 years. Australian Government Superannuation benefits 
are available. 

APPLICATIONS: Staling full personal and professional details; the names of at : 
least Iwo referees and quoting reference No A05Q4, should be directed to:- 

The Chief .'''i ' • i. : 

C6IRO Division of Solis > 

GPO Box 639 
CANBERRA ACT 2601 : 

AUSTRALIA 

By. April 19, 1904. • ' *5 •’ .. 


• r Tf ' 
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April 9-11 

The Sixth Annual Ground Water Heat Pump 
Conference 

Fawcett Center for Tomorrow 
Columbus, Ohio 

■ 

April 17-19 

Design, Installation and Sampling of Groundwater 
Monitoring Wells: A Short Course 
Orlando Marriott Hotel 
Orlando. Florida 

■ 

April 26-28 

Woter Well Design and Construction: A Short 
Course for Engineers 
Denver Airport Hilton Inn 
Denver. Colorado 


May *1-4 

Ground Water Modeling Without Mathematics 
Denver Airport Hilton Inn 
Denver, Colorado 


May 7-9 

The Complete Ground Water and Well Technology 
Short Course 
Hilton Inn North 
Columbus, Ohio 


May 14-18 

Ground Water Investigations at Hazardous 
Materials Sites: An Intensive Safety Short Course 
(Two Modules) 

Fawcett Center for Tomorrow 
Columbus. Ohio 


May 23-25 

The Fourth National Symposium and Exposition on 
Aquifer Restoration and Ground Water Monitoring 
Fawcett Center for Tomorrow 
Columbus. Ohio 


June 6-8 

Water Well Design and Construction: A Short 
Course for Engineers 
Sheraton Hartford Hotel 
Hartford, Connecticut 


June 12-13 

Northeast Ground Water Exposition 
Hartford Civic Cenler 
Hartford. Connecticut 


June 22-26 

Practical Applications of Ground Wafer 
Geochemistry 
Banff Springs Hotel 
Banff. Alberta, Conada 


July 9-11 

The Complete Ground Water and Well Technology 
Short Course 
Hltfon Inn North 
Columbus. Ohio 


July 23-24 

NWWA Ground Water Technology Division Eastern 
Regional Technology Conference 
Boston Marriott Newton 
Boston. Massachusetts 


July 25-27 

Ground Water and Unsaturated Zone Monitoring 
and Sampling: A Short Course 
Boston Marriott Newton 
Boston. Massachusetts 

■ 

July 30-August 3 

Ground Water Investigations at Hazardous 
Materials Sites: An Intensive Safety Short Course 
(Two Modules) 

Denver Airport Hilton Inn 
Denver, Colorado 


August 5-7 

South Atlantic Well Drillers Jubilee 
Myrtle Beach Convention Center 
Myrtle Beach. South Carolina 

■ 

August 7-10 

Ground Water Modeling Without Mathematics 
Logan Airport Hilton Inn 
Boston, Massachusetts 


August 15-17 

Conference on Practlal Applications of Ground 
Water Models 

Fawcett Center for Tomorrow 
Columbus, Ohio 


August 21-22 

Ground Water Investigations at Hazardous 
Materials Sites: An Intensive Safety Short Course 
(Module I only) 

Thunderblrd Hotel 
Bloomington, Minnesota 

■ 

August 27-29 

The Impact of Mining on Ground Water 
Denver Airport Hilton Inn 
Denver, Colorado 

■ 

September 5-7 

Ground Water and Unsaturated Zone Monitoring 
and Sampling: A Short Course 
Hilton Inn North 
Columbus, Ohio 

■ 

September 10-12 

ShortSuTO® Gr ° Und Wate ' and Vte " Tachnc *W 
Hilton Inn North 
Columbus. Ohio 

■ 

September 24-26 

International Water Well Exposition 

Vegas Convention Center • 

Las Vegas, Nevada . 


September 26-28 

Seventh National Ground Water Quality 

Symposium 

Las Vegas Hilton Inn 

Las Vegas. Nevada 

■ 

October 15-18 

Ground Water Modeling Without Mathematics 
Sheraton Harbor Island East 
San Diego, California 

■ 

October 23-25 

NWWA Western Regional Conference on Ground 
Water Management 
Sheraton Harbor Island East 
San Diego, California 

■ 

October 29-31 

NWWA Eastern Regional Conforonco on Ground 
Water Management 
Sheraton World Hotel 
Orlando. Florida 


November 5-7 

Petroleum Hydrocarbons and Organic Chemicals 
In Ground Water: Provontlon. Detection and 
Restoration 

Guest Quarters Wost and Intorcontlnonlal Hotel 
Houston, Texas 


November 5-7 

The Complete C-lround Writer and Woll Technology 
Short Course 
Hilton Inn North 
Columbus. Ohio 


November 12-17 

International Conforonco and Exposition on 
Ground Water Technology 
Johannesburg Showgrounds 
Johannesburg. South Africa 

■ 

November 27-29 

Water Well Design and Construction: A Short 
Course for Engineers 
Fawcett Center for Tomorrow 
Columbus, Ohio 

■ 

November 27-30 

Ground Water Modeling Without Mathemow* 
Fort Worth Hilton Inn 

Fort Worth, Texas ' 


December 3-5 . , 

Ground Water and Unsaturated Zone Mpn j -j .. 
and Sampling: A Short Course v( ; v : ,. 

Sheraton Airport Inn [{. ,i : 

Phoenix, Arizona ■ ‘y .7 ' 


December 10-12 ' • : : 

Ground Water and Unsaturated Zone Morn , v - 

and Sampling: A Short Course. • te 

tqmpd Marriott Westshore > . . . . 

Tampa, Florida • • • W'.' 


Ndllonal Water Well Assoclatlon/500 W. 
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NATIONAL SCIENCE FOUNDATION (NSF) 

NSF*s Division of Atmospheric Sciences, is seeking high-quality professional anoli- 
ennts as Assist ant/ Associate Program Director andProHram far 

which periodically become available. These positions are excepted ftSi iKSI- 
pelitivc avil service and arc filled on a one- or two-year rotational basis under the 
proy, stuns of NS F's Rotator Program. Typical du. ic ; 

dCVe,0PmCm - SKC i"*" development ondoth- 

MY • ATMOSPHERIC CHEMISTRY • MACNETOSPHERlC/IONO°' 
SPHERIC PHYSICS • PALEOCL1MATOLOGY • SOLAR PHYSICS 
• SOLAR-TERRESTRIAL PHYSICS 

Applicants should have a Ph.D. oreuujvalent experience in the appropriate disci- 
pline nnd, for the Assistant Program Director, 3 to 4 years of successful scientific 
research experience beyond the Ph.D.: Associate Program Director, 4 to 6 years of 
successful scientific research experience beyond the Ph.D.; and. for the Program 
Director 6 to 8 years of successful scientific research experience beyond the Ph.D 
i\S al Ri Sn P A er nn P“ m n Sn,Mry rn |)8 es a* follows: Assistant Program Dlrecior- 
$30 1 °00-$45 000; Ass^iate Program Dircclor-MS.OOO-SSS.OOO; and. Program Di- 
rector— $45. 000-565 ,000, Applicants should refer to Announcement EOS/ATM 
when submitting resumes (including current salary) to the Naiional Science Foun- 
dation. Personnel Administration Branch, Rm 212. 1800 G Street. NW., Washing- 
ton, D.C. 20550. Attn: Catherine Handle. For further information call: 202/357- 
7840. Henring impaired individuals should call: TDD 202/357-7492. 

NSF is an Equal Opportunity Employer. 


POSTDOCTORAL 

APPOINTMENT 

IN ANALYTICAL, 
SEPARATION OR 
RADIOCHEMISTRY 

The fsotopc Geochemistry group of the 
Los Alamos National Laboratory is seek- 
ing candidates for a postdoctoral appoint- 
ment in analytical, separation or radio- 
chemistry. 

This opportunity will include participa- 
tion in a solar neutrino experiment 
IScience 216, 51 (1982)1 with involve- 
ment in separation and purification of 
trace quantities of technetium from large 
quantities of molybdenite. Experience in 
wet chemical separation is required. 

The Laboratory, one of the nation's fore- 
most scientific research organizations, is 
operated by the University of California 
for the U.S. Department of Energy. Our 
location in the mountains of northern 
New Mexico offers an uncrowded life- 
style with ample recrcationul activities. 
Our postdoctoral appointments arc for 
one year, renewable fur a second year 
and pay a stipend amount of $26,200 to 
$27,600 per annum. We provide em- 
ployee benefits, including incoming trav- 
el and moving expenses. Candidates no 
more than three years past their Ph.D. are 
invited to apply. U.S. Citizenship is re- 
quired. 

Send your resume in confidence to: 

Madeline Lucas DIV84-AT 
Personnel Services Division 
Los Alamos Nutional Laboratory 
Los Alamos. New Mexico 87545 


Univoriity 
Bf Miltvnia 


ten mAmmn 


Anti-math* Ac lion/ K^ual Opportunity Kinplo>cr.j 



Announce 
it in Eos 

♦ Positions Available 

♦ Special Meetings 

♦ Services 

♦ Student Opportunities 

♦ Supplies 

Read every week by |6,ooo AGU ; 
members worldwide, Eos meets 
your advertising needs. • i: 

For advertising rates and copy ( ' ; 
deadlines, please call: • Robin' 

Little, 8oo 424-2488. • 


Howard Unlveraity/Graduate Faculty Position. 

The Department of Grulofry/Gcography invites 
applications for ,i tenure track position in geochem- 
istry ill rank of Graduate Associate Professor begin- 
ning August 198-1. Posit ion involves development of 
graduate research program at Masters level. Spe- 


nt nff August 198-f. Position involves development of 
graduate research program at Masters level. Spe- 
cialization in environmental gcuchcitiistry/gcocltrn- 
nolngy/isoiope geology desired. Send letter of appli- 
cation, resume and mimes nf three references in: 
Dr. David Schwar tzmaii, Dc[xmmcni of Geology 
Geography, llovvaid Univcisity, Washington, fit: 


Senior Applications Chemist- Kevcx Corporal inn 
is seeking an individual with a sin mg Analytical 
Chemistry b.id.gnmml, in iKitiicular in X-ray Him- 
resceme, lor Applications Lilmratory. 

Three t ears of experience in I all or tntltiMri.il 
Analyiic.il I’inbicm solving using XRF is i-eqnitcd. 
Advanced degree in Physical Science or engineering 
is ]>rcrerreil. Posit inn requires Applicni inns support 
to Marketing, Sales and RfcD opeiaiinns. Subimi 
resume to: Nr. Drew Isaacs, Kcvex Corijririiiinn, 

110 1 Chess Drive, Foster City. CA (M-IO-t. 

EOE M/F/H/V. 

Air Force Geophysics Laboratory Geophysics 
Scholar Program (1984-1985). The Air l-mce 
Geophysics Liboraton IAFGL) .uni The Southeast- 
ern Loner fm F.lcctritul Lttqinccring Ktimuiinn 
(SCf.KKlainiMiimc ih.it applications an- invited tor 
research appointments dm mg the i'.iNI-UWj veai 
in the fieophy .sics Vliol.u 1'mgiaiii This prngr.tni 
pruvith-s rescan h op|xiriuniiic-s of It) in la inoiuhs 
tin r.ti i, <n Im selected Fnuiiieers :tn<( Scientists in 
pcihiini leseiiich in ifsitleitce at die AFGI., Hauv 
c'Uti Al lt. near Unsi.m, M.ro.uli'iu-iiv Si. hnl.ii s util 
Ik- sm-U-i led [niin.il ilv Ironi vin.li lu-lih as i iouiiits- 
its. Alinosplierii I'Iism'i. Mt-icon Jogs. Inn cWinis- 
in. Applic-il Siieine, Maihi iii.iiii.il Mmleinig using 
I .c Hill •tilers, atitl t ttgineeriiig. 

To lie eligible, taiuhilaies inusi luce a I'li.ls nr 
cqiiivniein experience in an apiiiopri.ite technical 
held. .Some apiitiimmeiiu rnav Ik- toil finned prior 
in August (Ok I „■ f irl» jpplir.itioiic .ire rn*our- 
aged. All ■ puli I id i tiiplii.inis ss ill iuuu- • miimiIci- 
.iituii with. mi icganl lu race, > film, religion, sex. rn 
naimtiai nrigin. Applit.nion Headline for September 
Appointments: August 1, 1118-1. Fur further infor- 
mation anti apriliiiitinii lorms contact: SLEEK, I Mil 
Massaciitiselis Avenue. Si Cloud, FI 327A9 Tele- 
phone: iSoJtj 8lDMil-l6. 

SCF.FK soppQi ts Equal (. >js|»< iri min v/A fTiniiutis'e 
Act i» m. 

STUDENT OPPORTUNITIES 

Research Fellowships at the University of Notre 
Dame. Fellowships in groundwater pussies, 
gnu mil water chemistry, aiiac-ruhic processes and 
nineugtnecriug aie currenilv aviiilaolc in the Envi- 
innnieiual Engineering Program of the Civil Engi- 
neering Dc-pail mem. Successful apiiliiants will he 
atviiided aiiiiu.il stipends of up iu 5 IflUOiiio. plus 
lull mil imi. For additional hifuriiiaiinii, c«iiiihh Dr. 
Aaron A. Jennings. Depan mein ol Cisil KnginetT- 
ino, Universitv ul Noire Dame. Noire Dame. IN 
■lift.™ tai!)-2fl9-5H4(i). 


SERVICES, SUPPL1 ES. COURSES, 

AND ANNOUNCEMENTS 

Geodynamics, Inc.i Fluid/Melt Inclusion Determi- 
nations. (Heating. Freezing, Bulk. Laier-GOi/ 
HiO Individual. Nlass. Spec, volatile I.D.). CAR- 
BON Sc OXYGEN ISOTOPES. BrFs available (tre- 
mendmu discount). ••PROMPT SERVICE— BEST 
PRICES AVAILABLE** GEODYNAMICS. INC., 
35 18 Tullmore Lme. Tallahassee. FL 32308, 904- 
893-5699. 


The Oregon Department of Geology 
and Mineral Industries announces 
publication of 

Special Paper 15 
GEOLOGY AND GEOTHERMAL 
RESOURCES OF THE CENTRAL 
OREGON CASCADE RANGE 

Summarizing lha results of six years of 
geologic, geochemical, geophysical, and 
geothermal exploration In the cantrsl portion 
ol Oregon's Cascade Range, this Special 
Paper presents a volcano-tectonic model of 
the Cascades and introduces a regional 
stratigraphic framework for consideration in 
future studies. Included are geologic maps, 
heat-flow data; new K-Ar dales, chemical 
analyses of Cascade volcanic rocks, and 
discussions of 'regional and local geology. . 

: Special Paper IB, 124 pages, 

;B% x 1 1 , 3 plates, paper bouna . r . $11 

Order today'from.PubMtton Sales, 

Oregon Department of Geology and Mineral 
Industries, 1 005 Slate Office Building.; 

■ Portland, OR' 97201. Orders urider $50 must 
•be prepaid. Complete publication list- _ 

available free upon requqat. 

•' : 1 - 



Medallion on tlic plaque awarded to 
Tectonin by the Association of American 
Publishers for excellence in journal design 
and production. 


Tectonics Wins 
AAP Award 

A( ill’s newest journal, Tectonics, won the 
1983 award fur excellence in journal design 
and product ion given by the Association ol 
American Publishers, Inc. (AAP), in the 
eighth annual professional and scholarly pub- 
lishing awards competition. Edited by John F. 
Dewey, the himont lily journal is a joint publi- 
cation of Atlll and the European Geophysi- 
cal Society. Paul E. Tuppiniiuer is the Euro- 
pean editor and B. G. Rutchfiei is dtc North 
American editor. The journal is now in its 
third year of publication. 

AAP w;is especially impressed iliat AGU 
met its stated objectives in the production 
a ud present at ion nf the journal. Those objec- 
tives i in hided inc i easing the number of 
words per page, allowing the pul ilk at ion of 
more suc-ikc without significantly increasing 
the si/e the jonui.il. and providing highci 
quality paper to enbaiue overall quality and 
reproduction ol Itguies. 

“To mu knowledge, this is the first time 
the awatd has been given to an .uillmr-pto- 
diiced journal." said Judy L. Holnvi.ik. At if 
direciut of publications, public iubit mat ion, 
and market ing. "I'm really pleased that a pro- 

Il-v.l-HI.l1K lodged '-Hlte-il • .til gist- plopel 

recognition to aitilior-piciduccd cops." 

Under the auspices of die professional and 
scholarly publishing division ol AAP. an inde- 
pendent panel of judges from the publishing 
industry and from the industrial, medical, 
and scientific comm unity was convened to 
judge the moie than 3‘2u professional and 
scholarly woiks dint were nominated. Titc 
works range across the spectrum of science, 
technology, business, ami human kites nomi- 
nated far the awards competition. The more 
than 300 publisher members of the profes- 
sional and scholarly publishing division of 
AAP nccouiu for the majority of book out pm 
and sales of professional and scholarly works 
in the United States. 


Honorable mentions for excellence in jour- 
nal design and production were awarded to 
IViniftlhur Portfolio, published by the Univer- 
sity of Chicago Press and edited by Ian M. G. 
Quitnby, ancf to the Journal of liiumerlicaJ Ma- 
terials Research, published by jolt it Wiley fc 
Sons and edited by A. Norman Granin. 

The award plaque, displayed at AGU head- 
quarters, states, “1983 Excellence in Journal 
Design and Production Presented to Ameri- 
can Geophysical Union for Tectonics, Editor- 
in-chief John F. Dewey. Professional and 
Scholarly Publishing Division, Association of 
American Publishers .' 1 — HTR 

AGU Membership 
Applications 

Applications for membership have heeti re- 
ceived from the tallowing individuals. The 
letter afier the name denotes the pro|>useil 
primary section affiliation. 

Leonard A. Unrtic (A), Kenneth Paul Bow- 
man (A), Donald K. Iliuml veld (A), Mark 
Clark, Craig M. Do Polo, Robert CL Gibson 

(G) . Hoilliit (i. Gilbert (T>, Mark N. (ktltz (H), 
Dennis J. Gregor, Gary B. Griggs <()}, Jular 
Hadi/atlch (S), Rita K. Hayden. Allan L). 

I let In (A). William Hi cm Ileropkius, Charles 
David Hendrv (A), George Henry fll). 

David fit inn Jenkins (A), Kimberly -S. Jnlit/ 
(SS). Term i Kana/awa, Benny Kill linger (S), 
Jiitiatlian W. Lott «M, K.. J. I.tixmorc (II), 
(Teiald L. Madser (G). ("lark Marked <H), 
Mark) Murtiiic/, William 1). McCoy (II), C. 
Thomas McEIrny (A), Framisco Medina (V). 
MasamiLhi Mivamoto (P). Uouald M. Morosky 

(H) . John W. Morse (l>). 

Bt-eitda l.. More ross (O), Joigen N I'ilil (S), 
Filip]»i Radicaii. Michael Rcicllc (V», Frans J. 
Nf. Itictmeijei (A), hut Rnwbnm mi (H). Joint 
Scott (f I). Keith Sommer lO), William N. 
Stammers (I I). Marjorie L. Summers <V>, 
Kathy Y. Toimcj-seii till. Paul Travis. P.uker. 
j. Wigi ngnm (II). Janies C Win Iut I Vi. I'lnl- 
ip C. Wonds. 

Situleiu Slams 

Helen J. AinUisun i 1 i. hue Arotibetg (V). 
Siiih-Uin Chang (tipi. Muli.u-I t hrroie (111. 
Malrolm K. C«>.\ (Vi. halielie Co/y.irelli (111. 
L. Fuitl Dnhetty (O), Robert J. tlli.son t'l ). 
Jeffrey G. Feel tun (T). Ueiijainiu S. Cie.te. 
Paul Kevin Cllloi'l t I i M. till -ill i ll.iviit ■ 1 1 1 . 
Citric Helm. Atultew J . I .. Hogg 1 V 1 . 

Dale R. lsslet ( I }. Cmig Jairhniv iS>. Ucdt 
Lab.md (Ol. J. H. Leete (111, Stesen A. Loo- 
mis (H). Douglas M. Math (A). Kevin A. 
Maher <T). l'tipu D. M.iuiur (V), KiisuLi S. 
Maismiru (S). Gabtiele Mot-hritig-Enluiaim 
<T). Jonuili.m M. Nelson (A). Semi Nutter, 
Marino Osins (T), Lee Pevtim (FI). 

Mark Rickcrtsen (Hi, Michael E. Roberts 
(V). Eurdip S. Sahotn (T), Su resit Santanam 
(A), Juachitti Sthnmaelier (A), Brad S. Singer 
(V). Ole Martin Snedsiad (O). Joel W. Sp.irks 
(V). Sc«u Star rail (O), Uiri Vernier <H), Rob- 
in J. Weeks (T), Rudolf Wid liter (S). Kenneth 
R. Wilks (T), Jack Win man (H>, David A. 
Worthington (S), Steven A. Young (T). 


Students 


Thke Advantage 
of Student "m’T 
Membership |V| 
inthe 
American 
Geophysical Union . 


uepjs, 

XT Or/^ 

Need, 


• .17 membership dues 

• special student rules on AGU 
primary journals 

• year's subscription to Has 

• a 30% discount on AGU books 
■ reduced meeting registration 

fees 

• career development ; 


• membership in an inter- 
national society which spans 
(he full specirun) of (he 
geophysical sciences 

• low cost group Insurance 
program 

• full membership privileges,' ' 
Including the right to hold 
office und vote • 


To receive a. membership application for yohrself, your colleagues* or your 
students, call 800-424-2488 or (202) 462-6903 or Wire Western Union Telex' 

. 710-822-9300. • ' 
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AGU Spring 
Meeting 

Travel, Housing, and 
Registration, and Session 
Summary 

The 10H-1 Spring Meeting of (he American 
Geophysical Union will be held in Cincinnati, 
Ohio, May 14-17, at the Cnnveniion-Ex posi- 
tion Center. The center, located in the heart 
of the city, is an ideal meeting site; a skywalk 
system links the Convent inn-F.X]*nsiiion Cen- 
ter wiili major downtown lintels, restaurants, 
and shups. Cincinnati is easily readied by 
ihrce major highways and the Greater Cin- 
cinnati international Airport (only 15 min- 
utes from downtown). 

Registration 

Everyone who attends ihc meeting must 
register. Prercgistratinn received by April 20 
saves you lime and money. The Tee will he re- 
funded to you if AGU receives written notice 
of cancellation liy May 7. Registration rates 
arc at follows: 


Mi - 1 nli ci 

Mm lent Mcminn * 

Ki-i iicd Sniiiii Member** 

Nonmi'iiihrr 

Mudcttl N ni m ii 1 1 ill ie i 


Registration rates 

I'rcrvgis- 

After 

iraiimi 

April 20 

$70 

$*"' 

$30 

$4!i 

■ 5.iu 

$15 

3U5 

SHU 

540 

$55 


•Sim lent lee has I wen ml lid h;nk to 
19H2 rales. ® 

••Age Oft or over and retired limn lull-time G 

i-ii^iloyiiieiit G 

Rcgist ration for 1 tiny is available at one half P 
the above rates, either in ail vancc nr at the C 

ltiiTling. Membra of the Ameritan Congress C 
on Suis eying and Mapping, the Aineritaii C 

Mcicorulugit.il Smietv, the American Society k 
of J'luuogrjmmi'try. the Canadian Gcophysi- E 

cal Union, the European (ieu physical Union, E 
and the Union CJeoffsica Mextcana may regis- C 
ter at the AGU member tales. 

If you are not a member ul AGU ami you 
register at the full meeting rate, the differ- 
ence bet ween rm-mhei fur .student meiiifx.T) 
registration and nonmember registration will W 
he applied in AGU dues if a completed mem- 
bcrsnip application is received at AGU by \ [ 
July 9. HIM. \ 

To pTeregister, till out the registration \ 

for tit and return it with your payment to i. 
AGU by April 20. Preregistrants should pick j 
up their registration material at the registra- 1 
lion desk located in the Cunveiuiuu-Expusi- >' 
lion Center. Vour receipt will be included 
with sour preregistratinn material. Registra- t 
lion hours are M A.M. to 4 P.M., Monday i 
through Thursday. On Sunday, May 13, you •; 
may register from 5:30 P.M. to 7:30 P.M. J 

Hotel Accommodations 1 

t 

Blocks of rooms are being held at the Clar- 
ion Hotel (formerly Stoulfcr’s) and at the j 

Nil her land Plara for those attending the 
Spring Meeting. The Clarion (S55 single, $65 
double) is immediately adjacent to the Con- 
vention Exposition Center. The Neiherland 
Plaza (S5G single, $66 double) is approximate- 
ly three blocks from the Center, easily accessi- 
ble by the skywalk system. 

Hotel reservations must be received by- 
April 16. I9H4, Ui be cunhrnicd. Mall the 
completed housing form directly to the hotel 
of your choice. Do not write or telephone 
AGU for housing reservations. 

Scientific Sessions 

The program summary appears later in 
this issue. The preliminary program with the 
abstr.ii is will lie published in the April 17 is- 
sue of Em. Tin* hn.il meeting program, with 
ptcsci itaiim i times, will lie distributed at the 
meeting. Sunni tit sessions will lie held at the 
( a ins ei uii in — E \)ii rsitton Cent it. 

Exhibits 

Exhibits of iustriiincnuilioti iiMimfiK Hirers 
book puMislieis. g< is eminent iigeiirics, mid 
■it her oiganfriitiotis will run I mm Tuesday. 
May 15, in Tlinrsiias, May 17, 0 A.M. to 5 
P.M. daily. 

Special Events 

An hehrciikci pail) mi will Ire held on 
Monday evening in the Grand Ballroom or 
the Clarion Hotel, from 5:30 to 7. This will 
be the opening social event of the meeting.. 

Awards Ceremony and Reception: 

All meeting: par lici pants arc invited to at- 
tend this event! T he Awards Ceremony will 
be held in the Hall or Mirrors at the Nether- 
land Pinza (Intel at 6:00 P.M. on Wednesday. 
May 16. A reception in the Third Floor Fuy- 
er will immediately follow the ceremony and; 


offer a dine for you to meet, congratulate, 
and share a glass of wine with those being 
honored. 

President’s Dinner 

The President’s Dinner, held in honor of 
the medalists, awardees, and Fellows will be- 
gin at 8:00 P.M. in die Continental Room ot 
the Neiherland Plaza Hotel. Black tie is op- 
tional. Dinner tickets are $25 per person. 
Purchase tickets with your preregistrai ion be- 
cause only a limited number will be available 
for sale at the meeting. 

Complimentary refreshments will be served 
Monday through Thursday at the Conven- 
tion Center, 9:30 A.M. to 10:30 A.M. and 
2:30 P.M. to 3:30 P.M. 

Program Summary 

Union 

Approaches to IGBP, Mon PM 
Space Research, Tues AM 

Atmospheric Sciences 
Acid Precipitation, Wed AM 
Earth Rotation I, Thttrs AM 
Upper Atmosphere, Thurs AM 
General Meteorology, Thurs PM 

Geodesy 

Gravity Analysis l, Mnu AM 
Gravity Analysis I, Mon PM 
Precise Positioning: SLR/VLB1, Tues AM 
Trends in Geodesy, Tues PM 
Geodetic Methods. Weil AM 
Cnlifortiin Tcctonophysics, Wed PM 
Geodesy and Tectonophysics, Wed PM 
Earth Ratal ion 1, Thurs AM 
Earth Rotation 11, Thurs PM 

Geodynamics 

Geodymimics Pgni./CDP, Moti AM 

Continental Tectonics I, Mon PM 

Gravity Analysis l, Mon PM 

Precise Posii inning: SLR/VLB!, Tues AM 

Crustal Studies, Tues PM 

California Tectonics, Wed PM 

Geodesy ami Tcctonophysics, Wed PM 

MAGSAT, Wed PM 

Eanh Rotation I. Thurs AM 

Earth Rotation II, Thurs PM 

Gravity Analysis (I, Thurs AM 


AMERICAN GEOPHYSICAL UNION SPRING MEETING 
MAY 14-18. 1084 

HOUSING REGISTRATION I'ORM 


PLEASE CHECK 
ACCOMMODATIONS 

□ Single 

(one bed, one person) 

□ Double bed 

(one bed, two persons) 

□ Twin beds 

(two beds, two persons) 

SUITES UPON REQUEST 


Check nppropriau box and mail 
this form lo preferred hold 

n Clarion Hotel 
Ml West hilt Si. 

Cincinnati. OH 45202 
51 J- 152-2100 

$55 .Single/$(>5 Double 

( l Neiherland l*la/a 
35 West I'ilTli Si. 

Cincinnati. Oil 45202 
513-421-0100 

$56 Singlo/Wi I hnthlc 


Please Note: Reservations must he received by April Hi in order to he con- 
firmed. All reservations received thereafter will be confirmed subject to 
availability. 


Arrival Dale AMD •"* »-* — 

Departure Dale AM □ I’M □ 

Name — - — • 

Address 

City State Zip 

Company Name — 

Shared with 

Address. ... 

City Stale Zip — 

Company Name 

IMPORTANT NOTE: Hotel MAY require u deposit or some ••liter lomi of guaranteed 
arrival. If so, instructions will be un your confirmation form 
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Geomagnetism & Pa leo magnetism 
Paleoinagtietism anti Rock Magu., Mon 
AM 

General GP, Mon I’M 

Magnetic Strat. Sc Time Scales, Tues AM 

MAGSAT. Wed PM 

SV Sc Geodyiiamic Implications, Thurs 

AM 

Hydrology 

General Groundwater I, Mon AM 
G-W Transport Field Methods, Mon PM 
Transport Processes I. Tues AM 
Mesoscale Precipitation I, Tues AM 
Transport Processes II, Tues PM 
Mesoscale Precipitation II, Tues PM 
Catchment Geochemistry, Wed AM 
General Groundwater II, Wed AM 
General Hydrology. Wed PM 
Hillslope Hydrology. Thurs AM 
Sediment Storage, Thurs PM 

Ocean Sciences 

Ocean Drilling, Mon PM 

Ocean Response to Winds, Mon PM 

Physical Oceanography, Tues AM 

EM Fields, Tues PM 

Gulf Stream, Tues PM 

Straits and Sills, Wed AM 

Inland Seas, Wed AM 

Pelagic Sedimentation, Wed PM 

Gulf Of Maine, Wed PM 

Marine Chemistry mid Geology, Thurs 

AM 

Ell Niflo, Thurs PM 
Planetology 

Lower Crustal Processes I, Mon AM 
Lower Crustal Processes II, Mon PM 
Planets and Exospheres, Tues PM 
Planetary Posters, Wed AM 

Seismology 

Shallow Structures, Mon AM 
Mantle Convection, Mon AM 
Rupture and Prediction, Mon PM 
Tomography and 3-D Problems, Tues AM 
Theoretical Seismology, Tues PM 
No. American Earthquakes, Wed AM 
Global, Regional, Volcanic, Wed PM 
Solid Eanh Posters, Wed PM 
Honoring Bill Best I, Thurs AM 
Structural Seismology II, Thuis PM 
Honoring Bill Best II, Thurs PM 

SPRr Aeronomy 
Aurora-Airglow, Mon AM 
Ionosphere-Irregularities, Mon PM 


Business Meetings and Section 
Luncheons 

The AGU Council will meet Tuesday, 
May 15, at 5:30 P.M. The annual business 
meeting of the Union will follow die 
Council Meeting. Members are welcome 
to attend. 

All section luncheons will be held at the 
Clarion Hotel; room locations will be pub- 
lished in the April 17 issue of Eos. Please 
indicate on the registration form which 
luncheon you plan to attend and include 
payment. 

Monday, May 14 

Geomagnetism and Pahomagnetiim, $7 
Keith Runcorn, University of Ncwcustlc, 
UK, will speak on "Lunar Magnetism." 
Sponsor: 2G Enterprises 

Planetology IV ole a tiology, Geochemistry and 
Petrology, $9.50 

Tuesday, May 15 
Seismology, $5 

Lynn R. Sykes, LDGO, will speak on 
“Seismological Research and the Nuclear 
Test Ban: The 25th Year.” Sponsors: Kin- 
eme tries, Inc.; Teledyne Industries, inc.; 
and W.F. Sprengnether Instruments Co., 
Inc. 

Tectonophysics, $9 JO 
Irwin I. Shapiro, Harvard Smithsonian 
Center for Astrophysics, will speak on 
“Applications of Space Geodesy to Tec- 
tonophysics." 

Wednesday, May 16 

Hydrology, $9 JO 

Ocean Sciences, $9 JO 
Paul M. Wolff, NOS/NOAA, will speak 
on "New Direction for the National Ocean 
Service." 

Solar-Plan etary Relationships, $9 JO 
„ M 1 Krimigis, APUJHU, will speak on 
"Priorities in Solar and Space Physics: Pro- 
gress on the Current Academy Study." 

Thursday, May 17 
Atmospheric Sciences, $9 JO 
Geodesy, $7 

Arne Bjerhammar, Visiting Scientist at 
“^National Geodetic Survey, will speak 
on "Einstein:.. An Early Surveyor (?)■" 
Sponsor: Bell Aerospace and Textron.. 


Upper Atmosphere Waves, Tues PM 
Thermosphere-Exosphere, Wed AM 
Mid- Atmosphere Transport, Wed PM 
Ionospheric Processes, Thurs AM 
Upper Atmosphere. Thurs AM 

SPR; Cosmic Rays 
Solar Flare Particles !, Wed AM 
Solar Flare Particles 11, Wed PM 
Cosmic-Ray Cutoff Rigidities, Thurs PM 

SPR: Magnetospherlc Physics 
Comct/PlaneL Ionospheres, Mon AM 
lonosphcre/Plasmasphere, Mon AM 
Project Wcstford. Mon PM 
Auroral Phenomena I. Mon PM 
Amoral Phenomena 11, Tues PM 
Panicle Distributions, Tues PM 
Numerical Simulations, Tues PM 
Jupiter and Saturn, Wed AM 
Ionospheric Experiments, Wed AM 
WavesAnstabilities I, Wed PM 
Reconncclion/Pitlsations, Thurs AM 
Electric Currents/Fields, Thurs AM 
Aurora and Substornis. Thurs AM 
Distant M.igneiotail, Thurs PM 
Waves/I nstabilitics 11, Thurs PM 

SPR: Solar Sc Interplanetary PhyBics 
Solar Wind/Cotnets, T ues PM 
Shocks and Foreshocks, Tues PM 
Solar Physics. Thurs AM 
Upstream Waves/ Panicles, Thurs PM 

Tcctonophysics 
Mantle Convection, Mon AM 
Continental Tectonics 1, Tues PM 
Mantle Convection and Processes, Mun 
PM 

Ridges and Fracture Zones. Tues AM 
Marine Tectonics, Tues PM 
Mineral Point Defects. Tues PM 
Crustal Structure, W«l AM 
Geodesy and Tectonophysics, Wed PM 
Solid Earth PusLcrs, Wed PM 
Rocks Deformation, Wed PM 
California Tectonics, Wed PM 
Continental Extension, Thurs AM 
Continental Tectonics II. Thurs AM 
Continental Tectonics 1 11, Thurs PM 


Volcanology, Geochemistry, Sc Petrology 
Mineral Physics I. Mon Ait 
Lower Crustal Processes I, Mnu AM 
LowerCrusial Processes II, Mon PM 
Mineral Physics II, Mon PM 
Metainorplusin and Prccambrian, Tues AM 
Mineral Physics III, Tues AM 
Cumulates and inuniscihility, Tues PM 
Mineral Point Defects, Tues PM 
Isotopic Geochemistry I, Wed AM 
Granite Rucks, Wed AM 
Volcanic Petrology, Wed AM 
Solid Earth Posters, Wed PM 
Oceanic Basalts, Thurs AM 
isotopic Geochemistry II, Thu is AM 
Mantle, Thuis PM 
Experimental Petrology, Thurs PM 

Announcements 

TAE Users Conference 

May 1-2, 1984 Transportable Applica- 
tions Executive (TAE) User's Conference, 
Greenbck, Md. Sponsor. NASA Goddard 
Space Flight Center. (TAE Support Olficc, 
GSFC Code 933, Grecnbelt, MD 20771; tel.: 
301-344-6034.) 

This public conference will feature discus- 
sion and demonstrations of the Transport- 
able Applications Executive (TAE), a porta- 
ble, standard computer/ user interface wliic* 
is now available for general use. The TAE 
program is a command and menu driven sys- 
tem that processes user input and sends it to 
an applicatiuii program. It is used hy NASA 
in large-scale mcteunjlngit,al analysis systems, 
image processing systems, and data base man- 
agement systems, it is also used by universi- 
ties and private industry. 

The users c* inference is being planned 
TAE users, who will offer live demonstrations 
of the program and Imw-tu sessions un writ- 
ing applications with TAE, workstation soft- 
ware development with TAE. porting TAE to 
UNIX, and many uther topics. 


China and Global Climate 

October 30— November 3, 1984 Sympo- 
sium on Relationships Between Climate of 
China anti Global Climate — Past, Present, and 
Future, Peking, China. Sponsors, Academia 
Sinica, fAMAP, American Meteorological So- 
ciety. (Jih-Ping Chao, Institute of Atmospher- 
ic Physics, Academia Sinica, Beijing, China.) 

Deadline for abstracts is May I. 1984. 

The goal nr the symposium is to compare 
climate change in China with that or oLhcr re- 
gions in the world during the past, present, 
and future. The physical causes of similarities 
and differences will lie discussed. Among the 
specific topics to be addressed arc climatic 
fluctuations over the past 2000 years or 
more, air-sea interactions with particular ref- 
erence lo the west Pacific, land surface -cli- 
mate interaction, and prediction methods Tor 
monthly and seasonal climate variations. The 
meeting language will be English. 


Salt Lakes 
and Arid Zones 

September 24-28, 1984 S LEADS (Salt 
Lakes, Evupurites, Aeolian Deposits) Work- 
shop an Ceunzoic Salt Lakes and Arid Zone 
Hydrology. Geochemistry, Stratigraphy, and 
Palco-environmcnts, Mailioiira, New South 
Wales, Australia. Sponsor, Australian Nation- 
al Univ.. (J. M, Bowler, Dept, of Riogcugra- 
phy and Ccoinorphology, Research School of 
Pacific Studies, Australian National Univ., 
GPO Box 4, Canberra 2601, Australia.) 

Registration deadline is May I. 

Contributed papers are inviied on the sub- 
jects of sail lakes ami mid /ones, using Aus- 
tralian examples with comparisons inmi Chi- 
na, Africa. India . and the United States. The 
conference program will be divided into two 
general parts: regional , or site specific luniri- 
buiinns; and thematic contributions drawing 
oil information from multiple sites. 

The meeting will be followed by a 2-10-3 


RETURN THIS FORM 

WITH PAYMENT TO: Meeting Registration 

American Geophysical Union 
20UU Florida Avenue. N.W. 
Washington. DC 200U9 

OR CALL: Toll Free 800-424-2488 or 

Meetings 202-462-6903 

PLEASE PRINT CLEARLY 
NAME FOR BADGE 


AFFILIATION 


AGU 1984 SPRING MEETING 
MAY 14-17 
Cincinnati, Ohio 

REGISTRATION FORM 

Deadline for Receipt of 
Preregistratioji 
April 20, (984 


MAILING ADDRESS 



More thmi 

One 


one day 

day 

MEMBER 

□ S70 

□ $35 

STUDENT MEMBER* 
RETIRED SENIOR 

□ $30 

□ $15 

MEMBER** 

□ $30 

□ $15 

NONMEMBER 

D $95 

□ $47.50 

STUDENT NON MEMBER 

□ $40 

□ $20 

PRESIDENT'S DINNER 

□ $25 



TELEPHONE NO. 


HOTEL 


(Wednesday Evening) 
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Meetings (foul, from p. 1231 

day excursion Hi rough lakes and dunes of the 
Murray basin. The workshop proceedings arc 
planned for publication. SI. EADS is a multi- 
disciplinary rescan li project directed toward 
study «r climatic history, present and past hy- 
drology, gcoclicmhiry, biology, and genninr- 
pliic-icciomc evolution of late Clenmnic conti- 
nental arid and seini-arid environ meins. 

‘1 he Geophysical Year calendar last 
appeared in the March fi, 1984, issue. 


Meeting Report 

Magnetic 

Reconnection 

A Chapman Conference on Magnetic Re- 
connection was held at the Lns Alamos Na- 
tional Labor nlury, October 3-7, 1983. More 
dun 12. r > site mists, from more than a dozen 
c< Hilaries, pariiiijutcd in the meeting, where 
f)2 scientific papers were presented and dis- 
cussed. This re|iori brielly reviews material 
presented at the conference after Itrsi giving 
some background information on magnetic 
leiunricciimi. 

In many interesting systems of magnetized 
plasmas, magnet it field lines can be divided 
into several classes on the lewis of their topo- 
logical piuperiics. due such system is 
skin lied in Figure I. This represents earth’s 
magnetosphere, enveloped in the I lowing so- 
lar wind which is t Invaded hy the interplane- 
tary magnet ii held (IMF). In this system lour 
il.Mies of field lines are identified: (I) 

"closed'’ Held lines connected to earth at both 
ends. (2) "interplanetary” held lines that do 
nut connect to earth at all. (3) “open” field 
lines connected to earth nt one end and to 
the inter planetary held at the oilier, and (4) 
“magnetic loops" that connect neither to 
earth nor to the inter phi net ary Held. Surfaces 
called se pa rati ices (heavy tines in Figure I) 
sc pirate the legions of different tujKilugy 
(i.e., 2 from 3. 1 from 3, and I from 4). and 
these in terse* t or close iijhiii themselves along 
lines called X lines (indicated .it A. B, and C 
ill Figure I). 

Figure 1 is adapted from a figure ill the 
classic paper by, Du nge\.[ 1 9li I]. who suggest- 
ed that magnetic held lines in dir (lowing so- 
lar wind “reconnect” with magnetic field lines 
of the earth, ill the manner shown, and that 
this [HOLC.vi «d'“jiugiietrc recount* 111111 “ accel- 
erates die partidei that cause the auroras. 

The reconnection process involves transport- 
ing magnetic llux across separat rices from 
one region 10 aunt her, and this is accom- 
plished at the X lines. Fot example, an inter- 
planetary field line (region 2). brought to the 
front of die magnetosphere by die solar 
wind, meets a closed line (region I) at A. The 
two lines break where they touch at the X line 
and immediately reconnect 10 create two 
open Field lines (region 3) that connect to the 
north arul south polar caps of earth. Similar- 
ly, two open held lines, reconnecting at C, 
create an interplanetary field line and a 
closed field line. A closed held Line, recon- 
necting at D. creates a magnetic loop (region 
4) and a shorter dosed line. 

Buih the complexity and the importance of 
this process arise front the Tact that in all cas- 
es of physical interest, magnetic field lines are 
closely coupled to the mechanical behavior or 
plasma, so topological changes of the magnet- 
ic held must include transfer of plasma across 
separatrices as well, in fact, magnetic recon- 
nection has been defined as the process 
whereby plasma flows across a surface that 
separates regions continuing topologically dif- 
ferent magnetic field lines (I'aiyfitimu, 1975]. 
Tup 0 I 0 gic. 1 l changes of field lines thus imply 
definite patterns or plasma flow. They result, 
furthermore, in a conversion of magnetic en- 
ergy to kinetic energy of the plasma. 

The study of reconnection had its origin in 


suggestions by Gm-anelli ([ 946 . 1947.1948] 
and by Hoyle [1949) that charged particles re- 
sponsible for solar flares and the aurora, re- 
spectively, could be accelerated 
magnetic neutral points. Support for these 
ideas has been found in ever increasing num- 
bers of theoretical and observational studies 
during the intervening years until, today, it s 
widely lwlicvcd that magnetic reconnection 
indeed does explain the sudden large energy 
releases that characterize solar flares and in- 
tense auroral brightening* called auroral or 
niagnciospheric substorms. Furthermore re- 
connection has been found to play important 
roles in several areas of fusion research, and 
interest in it has arisen in relation to some as- 
irophysical objects. . 

Despite providing conceptually satisfying 
explanations Tor phenomena in a variety of 
disciplines, the idea of reconnection has faced 
some skepticism, especially among students ot 
the earth's magnetosphere. Thus, when par- 
ticularly strong new evidence for reconnec- 
tion emerged in recent years from satellite 
observations in the magnetosphere, it seemed 
appropriate for scientists of various disci- 
plines 3 nd interested in reconnection to con- 
vene to hear about the new observations and 
to assess rully our present understanding of 
the phenomenon. That was the objective or 
the Los Alamos conference. 

The technical program included six topical 
sessions of invited and contributed papers, 
one poster session of (tapers on mixed topics, 
and a liual session on Appraisals, Unan- 
swered Questions, and Future Directions. 

The six logical sessions treated reconnection 
theory ancl modeling and the occurrence of 
reconnection in the laboratory, in earth's 
mugncluspherc, and in astronomical objects. 

Theories and models of reconnection usu- 
ally consider bodies (if plasma tliai satisfy ide- 
al MUD conditions such that the magnetic 
field can be considered “frozen" into the plas- 
ma. (i.e., moving with it). The actual recon- 
nection of field lines then occurs at a small 
region of the interface (called the diffusion 
region) around the X line, where localized 
breakdown of the frozen field condition oc- 
curs. Much discussion at the conference was 
devoted to examining the extent to which the 
reconnection process is controlled by external 
boundary conditions. In one view, favored by 
Axford, reconnection is controlled by exter- 
nal forces that push dillercnily oriented 
fields or topologically different regions to- 
gether and dictate the behavior of the field 
and plasma around the X line. Models of this 
process were discussed by Walker and Sato, 
who refer to it as “driven" reconnection. 

(This should 11 m be confused with “driven" 
magnetic substorms, a concept advanced by 
Akasofu in recent years, in which the recon- 
nection process seems to play no role, or at 
least not a well-defined one.) in another view, 
favored, for example, by Schindler, the exter- 
nal effects are considered to push the system 
to a configuration inherently unstable. Re- 
connection then is initiated by the instability. 

In this picture, reconnection plays the deci- 
sive role in controlling magnetic topology and 
in releasing previously stored free energy. 
Decause of its similarity with spontaneous 
phase transition processes, this picture is of- 
ten referred 10 as “spontaneous reconnec- 
tion." Birn described three-dimensional com- 
puter modeling of the magnctotail that por- 
trays such a behavior and that has been 
highly successful in reproducing magnetic 
field and flow configurations actually ob- 
served during substorms. 

Data returned by NASA’s ISEE I and 1SEE 
2 satellite pair, launched in 1977, has revolu- 
tionized our perception of the process of 
magnetic reconnection at the magnetopause 
(e.g.. at A in Figure 1) and leave little doubt 
that reconnection is a significant process for 
energization of the magnetosphere. Son- 
nerup summarized Ute basic aspects of recon- 
nection in the magnetopause setting, includ- 
ing the properties of rotational discontinui- 
ties, energization of panicles in current 
layers, and the matter of nonsteady, localized 
reconnection. Two quite different features in 
the ISEE data have been interpreted as signa- 
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lures of magnetopause rcconncciinn, and 
these have led to tlic present view that there 
can be both quasi-steady reconnection and 
impulsive, small-scale reconnect ion. l'ascii- 
mann described the quantitative tests of tan- 
gential momentum balance of the plasma and 
magnetic field across the magnetopause that 
led to the recognition of quasi-stencly slate re- 
connection. Tests of energy balance across 
the magnetopause were also consistent with 
the occurrence of reconnect ion but al a some- 
what poorer confidence level. Tracing the 
magnetic field topology at the magnetopause 
with energetic particles of magnetospherir or- 
igin. as described by Daly, has generally pro- 
vided consistency checks with the data ob- 
tained from momentum balance. The rate 
and scale size of quasi-steady reconnection, as 
well as the precise onset conditions, rauimi lie 
determined from the ISEE data set. It lias 
been noted, for example, that there have 
been numerous crossings of the sunward 
magnetopause when the magnetos! tenth field 
was southward {i.e., favorable for magneto- 
pause reconnection as nt A in Figure I), and 
signatures of quasi-slcady reconnection were, 
nevertheless, not identified. 

The impulsive, small-scale type of recon- 
nection was first recognized in a certain re- 
peating pattern of magnetic variations seen in 
the magnetosheath just outside the magneto- 
pause. The identification of these as instances 
or transport of magnetic flux { th us named 
flux transfer events or FTE’s) was described 
by Russell. The interpretation is that spatially 
and temporally limited reconnection takes 
place near the sunward equatorial magneto- 
pause and that the connected flux tube is 
dragged along the magnetopause by the on- 
gomg magneiosheath plasma. Simultaneous 

1 LL,, ISEE 2 measurements of individ- 
ual FTEs, described by Saunders, revealed 
that they have diameters of the order of I 

2™ T&El flu * within them is 

■ 5 ? . l0 * Wb. and the internal field is twisted, 
mpjymg fieW-ahgnKl currents of a few times 

JSp •• Rl J nbeek Berchem reported that 
FTEs are seen very frequently (every few 
minutes) by a satellite located near the sun- 
ward magnetopause when the IMF is south- 

Figure 1 shows two Mines in the magneto- 
°r at °^ S B and C " That al G is some- 

0 iTTr l ° 88 the nf lant nculral Hne" 

° r £ e , ^ k . 1 Iu ™? “utral line." It is thoughL 

5 t iQ r 200 R E earth and 

be present. most or (he dine, jettinsr nlasmn 
n4 dosed field lines «hJ55ET 

closed fic,d Unes <«g»n 
fern* J 1 ^1* su bsiorrr| theory, often re- .. 
ferred to as; the neutral fine model or the re- 
connection model, holds that at tHe onset of a 

■ iqbstorm s expansive phase (marked°bv sud-^ 
Jen intense' bnghieijing. of polar aurorasra 

Trahln^ F nCUtr H 1 • ' - r “ sub nOrra neu- 
tral line iFonqs at B* This fqilowi a 

naty interval. (growth phnSej oF^SOio 60 ■ 

min during wliich ma^elic ' ‘ ; 


nrtir field lines) is liruig added l«' •)»«•* ll ‘ , 1 R'! e ' 
toinil by letimiie* li«*n will) the IMF 1,1 
ure I), leading in .1 si l onger 11101 r radial t» 
field Ueioiiiieuion .11 H soon (in a hw min- 
utes) levels 1 lie plasma 'heel (tile nighunle 
region I tailward of lb /(/>;, iraiisfurmnign 
into a .system of » |n>ed loops (i f-, region 1 
grows hy reroiuiei lion until ii completely am 
sorl is thill I legion I tailward «h Bi- 

lim " plasm. .id,” umipklHy tl.-iached froni 
earth, departs lailvvaid, eventually iojcmis 
solar wind. Hiielly, the model is tharacieni 
by a period (gimvih phase) of niaRiieuUail cn- 
ergi/mion by intei pl.nietary magnetic l|CK . 
(IMF) ret iniiieLlioii at the iimgneioi»a‘i^. ’ 
lowed hy a sponianeously begimijug l*crKXi 
(expansion phase) nf “tinkiailliig" energy 
during vvliith rite mil energy ctiltleu* llc ‘ 
creases. The millet ern e session <'U ret . 0 '* 
lion in llie iiiagiietoiail revlewetl iheonscrv’ 
lions iiitiniKl wliieli iliis ntoclel has hcen ■ 
Much til the ski piitisin (meiHhu^d W 
rsiiaetl agaiusi rcmmiet lion hy students 
magi in 1 riptide has heen directed uK a "* 
aixive 1 emu net linn iihnIcI <d' suhsiormS' 
Opening the tnnleit-me session «»» f®*™ 
tiiMi in 1 lie magneitiinii, Nlshitla tHi'C** V „ e 
viewed ihc evidence ami couiilcrcviden • 
couchided that emivim ing oliservatioii 
for tail recoil net 1 it mi exist hut cinph* 5 ' ^ 
that the physic al mechanism for 15 '! 
fully unclersiuud and ilmi it Is pitju* J 
tlic only Jigtut «d •? nsn ]iaV - 

dynaniics. (amfiiskui and skcnlicism < ^ 

arisen when people have tried to C *P ' 
cry dynamical feature as due to recon 
and, failing to do so, have dis»t |nl ®°, 
connection model altogether. Tlic eV ** e *v 
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for the onset of reconnection at expansive 
phase onset and the ensuing formation and 
departure of u plasnioul lies in observations, 
in the mil, of tailward plasma flow, southward 
turning of the magnetic field, tailward 
streaming of energetic electrons, and plasma 
sheet drupout. Bieber reviewed these obser- 
vations, and Nishida reported 011 electric field 
measurements, made by ISEE 1, that have 
also been recently added to the oevcrall ob- 
servation set dial supports this picture of 
plasmoid formation and the neutral line 
model in general. The stretching and intensi- 
ty increase of the tail field, which are two of 
ine manifestations of tail energization during 
the growth phase, were described by Fairfield 
and D. N. Baker, us were observations indi- 
cating the loss of tail energy starting at ex- 
pansive phase onset. Both speakers also dem- 
onstrated (bat the growth of tail energy 
(growth phase) starts a few minutes after the 
IMF turns southward. 

There is much observational evidence that 
energetic (up to ~1 McV) protons and elec- 
trons are generated in the magnetosphere 
during substorms. They are seen in the mag- 
netotail, and they are "injected” into the in- 
ner magnetosphere where they are observed 
at geosynchronous urhil (r =■ 6.6 Re in con- 
junction with essentially every substurm. D. 

N. Baker discussed the energetic ion “drift 
echoes” observed at 6.6 /?£ and the "impul- 
sive bursts" of ions seen in the magneiotail, 
both phenomena suggesting that the energet- 
ic ion generation may be temporally confined 
to an interval oF a few minutes around ex- 
pansive phase onset. Scholer presented a gen- 
eral review of the extensive obsei rations of 
energetic ions and electrons in the magneto- 
sphere and noted that there have been com- 
paratively few theoretical studies to explain 
them. Axford suggested that the particles 
may be accelerated as the plasma sheet is sev- 
ered since magnetic reconnection may occur 
very rapidly then and cross-tail potentials as 
high as - I MeV might be expected to exist 
briefly. 

NASA’s ISEE 3 satellite made passes 
through the magnetotail as Tar as 220 R t 
from earth during 1982-1983, and several 
reports of those observations were presented 
at the conference. These 1 eports contained 
dramatic new evidence supporting reconnec- 
tion models of the magnetosphere in general 
and of substorms in particular. ISEE 3 found 
dial the characteristic cross-sectional structure 
of the mil (i.c.. north and south lubes, sepa- 
rated by a plasma shcel) was recognizable .it 
all distances examined. Fite flow of plasma in 
the plasma sheet was almost alums tailward 
and fast beyond - 100 R t: . Scholer and Daly 
reported that the plasma sheet also contains 
tanuard streaming energetic electrons and 
ions and that these actually extend above and 
below the plasma sheet. Cowley showed that 
all these features arc consistent with an open 
magnetosphere with reconnection occurring 
at a neutral line eanhwaid of ISLE 3. Gos- 
ling reported that the lobe plasma density is 
often quite differem 011 opposite sides of the 
plasma sheet and found that these differences 
showed a dependence on the IMF y compo- 
nent that is consistent with reconnection of 
die IMF with earth's field near die subsolar 


magnetopause. D. N. Baker reported in- 
creases of the tail diameter at ISEE 3 concur- 
rent with growth phase signatures at geosyn- 
chronous orbit and with southward IMF. sup- 
porting the picture of tail energization before 
substorm expansion phases. Hones, Siscoe, 
and Scholer reported the occurrence of fast 
tailward moving plasma structures which they 
identified as plasmoids (i.e., severed plasma 
sheet sectors) reaching ISEE 3 abuuL 30 min 
after expansion phase onset aL earth (a delay 
appropriate for the earth-LSEE distance anti 
tiie 500-1000 km/s flow speed measured in 
the passing plasmoids). 

It is reasonable to expect that magnetic re- 
connection occurs in other magnetospheres 
as well as that or earth. Indeed, Behannon 
and Nishida reported observations of Jovian 
magnetoiail fields and plasmas that can be in- 
terpreted as resulting from reconnection in 
Jupiter's magnetosphere. Niedner discussed 
comet tail disconnection events (DE’s) that 
have been ascribed to magnetic reconnection 
at the comet's head when the polarity of the 
field draping the comet is reversed at IMF 
sector boundaries. A few examples have been 
found of discontinuities in comet tail struc- 
ture that may be due 10 tail reconnection, 
similar to the substorm process at earth. 

Priest reported that our understanding of 
the sun’s atmosphere has citanged dramati- 
cally over the past 10 years. Our new view of 
the sun is dominated by the magnetic field 
and its relation with the plasma atmosphere 
in which magnetic reconnection plays a prime 
role. For example, the solar corona may be 
heated by Liirbuleut reconnection, and recon- 
nection may play several roles in solar flares. 
Parker stated that a universal feature of mag- 
netized plasma is its activity (i.c., plasma tur- 
bulence and waves, shocks, superheated gas- 
es, and the production of fast particles) which 
occurs whenever and wherever a magnetic 
field in a tenuous plasma is subject to exter- 
nally imposed strains. Me also proposed dint 
magnetic reconnection may be the central 
cause of the activity. 

I 11 the laboratory, several axisymmetric to- 
roidal magnetic confinement experiments are 
presently being studied for controlled fusion. 
Magnetic reconnection plays a rote in at least 
four of these. The lokamaks is presently the 
leading contender for development into a fu- 
sion power reactor, and in it the rule of re- 
connection is detrimental to plasma confine- 
ment. P.ir6 discussed reconnection in uiku- 
mak ami demonstrated its occurrence in the 
ISX-H device at die Oak Ridge National Lab- 
oratory. 

In the reversed- field pinch (KFI’i experi- 
ment. both toroidal and poloidal magnetic 
fields are externally applied and are of com- 
parable imrnsiiv. resulting in .1 ve»v Imdilv 
sheared held unlike dial ol die tnkanuk 
where die toroidal field (aligned the long way 
around the torus) everywhere dominates the 
poloidal field (aligned the short way around). 
D. A. Baker reported that the Los Alamos 
ZT-4UM experiment has maintained dis- 
charges at constant current and reversed field 
for 10 ms (much longer than predicted by 
calculations) possible by energy transfer from 
the poloidal field to die toroidal field by 
steady state reconnection of the mean fields. 


The Field Reversed Configuration (FRC) 
and the spheromak were discussed by Milroy 
and by Hammer, respectively. These devices 
are members of the “Compact Torus" family 
of magnetic structures characterized by a set 
or dosed, nested flux surfaces but withoitL 
any coils, transformer cores, etc., protruding 
through 1 he hole in the torus. Their magnetic 
configurations arc shown in Figure 2. The 
formation of bodi involves magnetic recon- 
nection. Spherontaks have been formed suc- 
cessfully in several diflcrenl ways. In each 
case, during a '‘preformation stage," poloidal 
field lines are wrapped around (nr penetrate) 
solid bodies. During format ion, plasma is cre- 
ated. and the toroidal component of the field 
is introduced. Magnetic forces cause the flux 
surfaces to distort and eventually reconnect 
lo form the desired set or closed, nested sur- 
faces sketched at the top of Figure 2. FRC's 
are formed in a field-reversed 6-pinch as Fol- 
lows: (!) an initial reverse bias Field is frozen 
into a cold pre-ionized plasma; (2) the cur- 
rent in the 0-pinch coil is quickly reversed, 
producing a large forward bias field, which 
causes the plasma to implode radially: (S) the 
oppositely directed field lines reconnect near 
the 6-pinch ends forming a dosed field con- 
figuration such as is sketched nt the bottom 
of Figure 2. 

In summary, the conference exposed many 
interested scientists lo discussions of present 
thinking alx>ui magnetic reconnection and to 
descriptions of the latest developments con- 
cerning rerun neciion in space and laboratory 
plasmas. Most of the formal presentations as 
well as the discussion of them by the partici- 
pants will ,'ipcat apfjcat in AGU the Geophysi- 
cal Monograph Sene. j, vol. 30, Magnetic Hen in- 
flection in Space and Laboraloty Has mas, to be 
available at the 1984 AG L! Spring Meeting in 
Cincinnati. 

Cosponsors of the conference, along with 
the American Geophysical Union and Los 
Alamos National Laboratory, were the U.S. 
Department of Energy, tlic Institute of Geo- 
physics and Planetary Physics of the Universi- 
ty of California. NASA, ami the National Sci- 
ence Foundation. 

References 

Dungey. J. W„ Interplanetary magnetic lic-fil 
and the annual zones, /Viyi. Rev. Lett.. 6. 

47. 1961. 

Giovnnclli. R. (L, A them y ul chromospheric 
H.ircv Xnlitir, IW. SI, 1946. 

Giovuuclli, R. G.. Magnetic and clcrtru phe- 
nomena in die sun’s atmosphere associated 
with sunspots. Moil. S’nt. R. Mtaii. Snc„ 107, 
338, ID-17. 

Giovanelli. K. G., Chromospheric Hares. Mon. 

Not. R. A Urnn Snr.. tOft. |frt. 1948. 

Ho\le, h. Stain Remit Rc\mn1n \ in Mm Rh\\- 
ics, Cambridge University Press. New York. 
1949. 

Vasy bunas. V. M., Theoretical models of 
magnetic field line merging, 1, Rev. 

Geophys. S^ce Rhys.. 13. 303, 1975. 

This meeting report was contributed by Edward 
W. Hones, Jr., University of California. Los Ala- 
mos National Laboratory. Los Alamos, NM 
S75-/5. 


Travel Funds 
to Spring Meeting 

Available to Foreign 
Graduate Students 

Grants of up lo $250 are available 
to foreign graduate students 
studying in the U.S. for travel to the 
AGU Spring Moating, May 14-18 
In Cincinnati, Ohio. 

The funds, a grant from the 
Short-Term Enrichment Program 
(STEP) of the U.S. Information 
Agency, are available to full-time 
foreign graduate students who are 
not receiving ANY U.S. govern- 
ment funds. Students In refugee, 
Immigrant or tourist visa status 
are not eligible. 

For complete eligibilily require- 
ments and an application, write 
or call: 

Member Programs Department 
American Geophysical Union 
2000 Florida Avenue, N.W. 

Washington, DC 20009 
202/462-6903 

Deadline: 

April 30, 1984 


Hiring, Firing, 
and 

Job Security 

AGU Spring Meeting 
Tuesday, May 15 
5:15 - 7:15 P.M. 

Ivory B Room • The Clarion 

This panel discussion of current 
practices In employment ot geo- 
physicists In a wide range ol areas 
(academia, Industry and govern- 
ment) will include who gets hired, 
how to stay hired and possibilities of 
firing, as seen from (ha employer's 
point ol view. Laurie Biown. Visiting 
Associate Professor, Department 
of Geoscience, New Mexico Institute 
of Mining and Technology, will 
moderate the discussion. 

This program has bean arranged 
by the AGU Education and Human 
Resources Committee. Refresh- 
ments will be available. 



Separates 

To Order: The ordci number tail be 
found at the end uf each abstract; use all 
digits when ordering. Only papers with 
order numbers are available from AGU- 
Cwf; $3.50 for the first article and $1.00 
for each additional article in the same or- 
der. Payment must accompany order. De- 
posit accounts available. 

Send your older to: 

American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 

Aeronomy 

WlO Afc urptljn a[uJ SuLtarlif of Radiation 

'BOTODISaCiClATIOH OP IK THt ATMS SPRUE 

7J , (Dtptrcvant of Pbyale*. Unlvatalcy of 

MOUldi, Matilda, South Australia 5000, Australia), 
Cibloa Md D.C. HcCoj. 

Although ‘*01*0 la a minor eanatUuint of tha 
to n ,ph#r "' *“ Photodl iioelaclon rot* Ml boon icatid 
■t|Hf leant haeauia oC aalacciva absorption In 
* r *Slon of tha Sehiaaua-Runga band*, a raault of 
• •rt® 411 ln aoaecruB. . It Li laportaat to 

"■‘•nine tho contribution of thin spaa la, to tha total 
“‘•■nclaUen rat#. Calculation* of thn 
III! u f Un r,t ® coaUlelMt (J, s ) antes a detail ad 

BCKl#I or Lh> croaa-aactlon la tha band 

di!. , r * VMl lt *• 4 »* ordet of 10 ttaea the. 

to!I? C lf-ff Ml# eoaffioleni for 1*0, (J, 2 ). 

tal QlSq dlaaoclatlon rata concrlbutaa a Bsalma 6f 
.. photodl aloe I at Ian, aa order of ■agalcudi 

th «n the prerloue eetlMte. Theoietleel 'oalddh of 
(ltftl!r. BCtr0,coplc coneteate lor l*()1*0 are .given, 
rate) °' * fc " tptlan < Bchwano-lhnige, dleaoclatlon 

J - Geophys. Ros. . D, Fapar 4B0403 

SBUY OZONE OBSERVATIONS 

KMCH AND APRIL, 1979 ' 

f Scto °I Geophysical Sclancas, Georgia . 
*1 Technology, .Atlanta, Georgia, 30332), M. C. 
'SI* 4 "0 C, R. frepta - • 

fihrnn,! IV 041 "* 1 cr0 “ 5 actions of stratos^haflc orona 
the S* °* SAGE. and SBu5 satellite Inttrusients on. 
«ta?^Jv dsy5 ,n And April 1976 and at appro*!- . 

J* saw latitude are compared. Differences In , 
I0 n«l mean mixing, ratio* are dficudsed. The largest, ' •, 


difference* ere found at pressures lower than 5 nb at 
tropical latitudes where Uie SAGE oaone mlslng ratios 
are approximately 20X larger than the SflllV nixing 
ratios. The longitudinal variations of otona over this 
period Inferred from the two Instruments are discussed 
in detail and correlated with each other and with 
riROS-11 tempera turn observations. The SAGE wasureewnt 
noise model I* shown to be approximately conament with 
the observed differences In longitudinal structure. It 
le found that, on tha average, tha amplitude of ot>«fved 
ozone variations (with a vertical scale exceeding la) 
Is similar In the two axpartowits but that this ampli- 
tude ratio 1 1 dependent on the atmospheric situation. 

J. Oaophya. Raa-. D, fapir 4D0J17 


Electromagnetics 


0780 Smttarliig ... 

A TINf-UOMAlK KKESflY THEOREM PMt SCA1IEAIK OF PLA..C 
EI.LrTKttUCKETIC WAVES 

A.r. 4u Hoop (Dull i imlveiAlty ft T«rbnu lopv , Dupi. o« 
Elacirli-al rnglnowrlng. Labcrrototy o! BlaciraagHllc 
Ruavarah, P.0. Box SOU, :«'0 0A Paltl. Tho *t.rh«rlanda» 
A ct<M-4auin onergv tbaacom for Iba i.iliorlUR nf 
piano oltttrooagnatlc “avm by au obaiaclc of boundeJ 
ok cast i, darlved. Il ta ih» fount or part In thn lino 
domain nr tho ’optical ihtorfaJ 1 or lh» 1 Mil notion 
cro<B Aocrfon iho^n 1 in the frequency dtflAin. Slo 
dwd>mptlcm» id Lo tho oloerrooiwiwtlc buhavior ol inn 
obstacle naad to bo uadai ao, tha oh.taclo nay be 
f lost rmaanot if ally non-U noor and/or tlmo variant U 
kind of buhavior that t» oxrludod in tho frequency- 
d^nain r«,uli). As to thn wava motion, throo dlfforant 
kind* of lima behavior «• dlatlngiiWiedi (A) (rsnalru. 

periodic., and (C) parpaludtloA, but with Tin to D««n 
nnwur flaw d.nalty. For nil thmn ca.ee tho total ««ll' 
(caaa or tho tlaa-avo reged powar Icaeoa 1BI onJ 
(Or that ta both ahaorbad and ucjtlarad hy llie Ob » I of I C 
ia rotnead to a certain time tntoraeilm Integra I of tlui 
tnetdont plana uava md tho apl.orUal-wnv* anplituda of 
the acoirored uovo tn the (ar-rteld region, whan 
oiiaarvud in tho direction ot propagitlon of dm ■ Incident 
vavu. Tho practical [nplieatlona or tho aooray theorem 
era briefly Indicated. ETima-donmln icattorlng, 

&"£?r?JUr l ESo$: ■ 

Exploration Geophysics 

0910 Ceafwtar applleatfona .. ‘‘ 

a mTHoo or to it tea tin mmm ombwatiow 

John BalpI no y ' | Barth Phy.lc. Iranch. 1 Oba.r.atory 

Criscenc, OeLsw*.- Oai-i Cidt OYi) 

. Data from autoaatle recording ayatawi ortaa rMuLr 
adit tag rtd filtaring balora they ‘ .* 

coaputsr analy.ta. Tba pmaegimn d ”«* b * d u l " 

pcoducaa edited walpai at rogulnr intatvala fro, input 
data UBBtsInlag rand™' npiaa, 

■ cep, or. roast ■ 7 .It'p**a' a lalman fillet with I flsd 
da lay tin to eaclnata tha oast probable d ata vain “ 
ny tin. bind cm infotnatlnfl both before 
.ii. mirtlnaa of a had. record aa* be 


racognliad and ranavad, and atepi or affiati art 
tdantiflad and oraaurad. An axaapla la ihnwn ol claaa 
out pur praducad froa input which auffari Iron a variofv 
of Initriaenul problru. 

CE0PHY81C8, VOL. 49, K0. * 

11920 Hagnitlc and alaftrUal oarhndi 
07FXU9U ELECTRICAL EXPLORATION OF SEDIMENTARY BASINS I 
THE EFFECT* OF AH ISOTROPY IN BOEiZORIALLT ISOTROPIC, 
LAYERED MEDIA 

R.H. Edwarda (Daparcoant of PhpaUa, Unlvoralty of 
Tomato, Tomato, Out.. Canada HJS LAP I D.C. Noboa, E. 
Ooae.-Travino 

Our alacrrical oathod Tor aaplorln) beneath tha aaa 
foniliti of a long, vertical, bipolar ac lourte, 
niMilrj downward fron tba ,ea avrfare to the bottom of 
tha in and a remote, encapsulated, 
aicroprotaaanr-coet rolled aagnatonetar located on the 
■aa floor. The amplitude and phan nf tha aagnatic 
field ata nnaaurad our a range of aultable freqoonciea 
and t renal ttir-BJgnat oner ar inparatiuna. 

At tha low-fraquency acetic limit, apparent 
raalitlvlty corvee, aloilar to atandaed Schluobarger 
realdlvlly auundtng curvet, am <.anitructed n an aid 
In cha direct interpretation of laotroplc croaral 
raalitlvlty, An interaedlata ratal Ivnly leetarlva or 
relatively tunductlve lone la detectable when th* 
tramalttrr-rac elver aipatacion r.carde tho order of 
twice lha depth to iba con*. Tha phyalcal praporty 
rtaolved by the method In an anliotrupic fruit, which 
has di ffarent horijontal and vertical railat lull to. , ia 
tha geoaatrlc naan of thn two Independent rnalaliwlltei. 
Tha thickneii of a layer la 1ndota,alnatn. A layer with 
a coaiflciant of aniaUropy f reapanda I Ike an laotrnpic 
layer f time* thicker. At higher frequenetea, whan 
induction In the tea water ia llgalflcant, thn apparani 
raiietiviiy curvei reeain valid provided locally Induced 
current flow doea nnt dnaLnate (he galvanic flow In the 
crucial oaterial bunnath thn ana, Tho preaanen of aowe 
locally Induced current,, at the alact roangnat in 
realativa limit, la advent ag w oui. It enable#. the 
cueffltienc of anient ropy of an nil cut rnplc two to bn 
determined Jointly with Che mean resistivity. An 
apprrainstu direct uhsno involves tha calculation of 
the apparent anlaotropv, a formula which, like. tho 
apparent reiistlufty formula, la a function only Of 
field abaarvatiosn. In particular lha phase difference 
bmuern the meaaured uagaatlc field and the transmitted 
currant. , . 

- Tha depth of panel ration and the rpaolutiad of naan 
raalitlvlty and anlaotropy' are .pruaanryd in terms of 
Fmchat karnela and reaolvidg krrnala. 'The .kernele are' 
malytlt for lha apeclel case of a nnl form cruat. Tha 
ahapaa of the Frechet karnela lor raalatfvlky sod 
an I sot ropy art dlfforant. At low frequency', thin 
reflects tha different bohavlors of the galvanic 
io-’phaaa iwtsoc flow quadrature locally induced 
currant fin*. Tha aanaitlvlty lunation tot anlaotropy 
van! this Identically at aaro Craquancy. 

Tba inclusion of thn complication of anlaotropy for 
tba .Interpret at ton At data col Iwptfd , over sedimentary 
hallos ta mainly fdr numerical eonv«n(anca. Tba 
''■edimtntl cheusolvas are unlikely to b# anliotropft- oil a 
■oaf l acale. tba'anlaiMropic behavior la due to mat fa- 
asLautropy,. tha grouping, t'aga'th«r of thin Isotropic 
layer* of diffareat iiotropic radlat Ivlt loa. Soch a 


grouping la Introduced Into buth forward and I n««r an 
caapuerr algorithms whs n lha ruiolvln# kernels about a 
given depth ora wider than the ihlclntii uf a I epical 
layer. 

GEOPHYXIC*. VOL. 49, NO. » 

0930 Salaolc oothode 

ACGVUCT OP FINITE- DIFFERENCE ARD PIN ITE-ELENENT 
H0DELIS0 OF THE SCALAR AND ELASTIC WAVE EqUATICSE 
Kurt J. Narfurt (Amoco Produce loa Conpmy, P.4, loi 591, 
TUlea, OK 7«|D2) 

Hunsrlcnl aolutiona of tha acalar and elaailc mava 
aquatiana have greatly aided geaphyilc Id a In both 
forward andallng and migration of teltmic vara fie Ida in 
complicated gaologlc media, aod they promtae to. be 
Involueble In solving tha full inverse problao. This 
paper quantitatively camparat finlcs-dl f laranee ind 
f lnlta-alument aoLutioni Of Cha scalar and el aide 
hyperbolic wave wquatloaa for the mott popular Implicit 
and explicit Line-domain, and f isqumc y-domaln 
tochnlquea. 

In sddlcloa to viraatlllty and rail ol Implemtnlal ion, 
it la Inpacatlra that one chcoas tha moat ea»t -aCfaci Ive 
ao lull no techjilqua far a fined degree of accuracy. To ba 
of value, a solution lachniqui uult ba ah La to minimise 
( 1 1 numori c at At tenure ion or ampllflctlon, (2) 
polariiatlon errors. 111 numerical anlaotropy, (A) 
errora in ptiaaa and group vatocllloa, 1 5) udtraneoua 
nioMilcal tpareiiticJ modaa, lb I auaorUal diffraction 
and scattering, and i 1 i errora In reflection and 
transmission toef f I clones . 

This papnr shows that In homogonaoua madia ths 
uzpllclt fin l«o-a lament and finlla-dif loranct acbomei 
are compirabla when aolving tho acalar wove squatlsi and 
vhan aolving tha alaitic wava squat Ions with Poisson's 
ratio leas chan *.), Pin ita-a lament a are superior to 
flnlti-dlf (irencae Vhe-n mode 1 log atdacie madia wltb 
Polisan'a ratio btwtan 0,1 ahd 1,43. Tor bath thn scat Jr 
and rlaatlc equations, rhe moia costly Lop] It It' t imb 
IntAgration achomda such as tha Havmark achrmo ar|r 
infarior to tho oapllclt central-d i f fr ranees achear. 
aloe* tlwn aiapt eurpssalng tha Courant condition ytild 
atablr bur highly Inataurata raaulti. Pcoquaacy-domaim 
finito-alamant solut Inna employing a weighted average of 
coniiatoat and lumped oasaae yield tho mnai accurst a 
rosuita, and they promt it to be tba most coat-affect tern 
method fot CDF , veil log, and In ter an tike modal Ing, 

ctarnsfcs, vol. a«, no, s 
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, A CASE STUDY OP 9TMT18RAPHIC MT REPUTATION DllWB. SHEAR 
and cmnsuioHAL sxiRHie data 

H.D. McOarmock (ARM Oil and Gaa Compaay, P.O. Bod 28)9, 
Dallas, IX. f 5121 1 J.A. Dunbar, an<| H.W. Sharp 

Thla paper daacrtbba tha'upa of aurfaca .recorded 
oompraaalwial and horltontA| shear -wars aetimlc data to 
dotau lateral change# In tba physical ' proprrtlaV of a 
clast le unit, Bhaar and comproaiosal wove crane II Liana 
vBru'aasadrad aerdaa a anlaetad Interval from CDF •' 
at puked pact Iona' dart wad frbn date col la died along : 
colocldant . ahaar and kohpraialooal 'aalamt^ . I Inn*. At 
• ath aorf'aoa -pa ■ i c las the 1 . ratio of tba 
ahaar-to-compraealonal traqait t ini : across the target 
hnflson Is calculated. It ia aliOwn Iliac Tatars] ' 
."varlptfopa In Chta ratio', coup lad. with; the bwbavtor' of , 
tha lodlulgoal transit time curves t cad ba aped tp lofar - 
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Channel In Ihe physical proper! tea of a l-xaiatlna. 

Ihe Canaan aalecegd hr this call iluiy »aa the hear 

Peonar Iranian Itarrnv lorwllljn wtllih produces *ai tree 

channel land had lei at the Tapirs Ate Held. H«w Kiateo. 
* data! lad geologic aortlea at the producing harlaon use 
napped alon| a aeliolc II"* oriented io «bat it ironed 
productive and nonproductive region* ol the field. Shear 
and eonpieaaional Vibroaeka* surreys vara conducted 

aleni thli surface profile ualna data acquisition 
plranelira lailgnvri in produce cooparahla 
aiandl-lo-nolaa ratlaa and resolution In both art ■ oi 
field data. Alter pro* ei a I np i ihe anear and 
cumproaalooal Imorrel (ranait tinea through iho Harrow 
formation decreased in lolni froa nonproductive to 
productive ihlckneiiei ol land* Furlharm-jr* thara la a 
propnri lonatnlv graatar decrials la lha ahoar-eave 
Iraoail ilea than In ill coaprnaalonal tranalt line 
raau lllng In a" nvarall decrease in ihe ratio of ahaar 
to crnpreaalBnol Itanili (Inna. Will* aavarol poaalbla 
physical changes la lit lateral pruporllaa of the 
raaarvolr could explain them obaarvationa, It la 
concludad that the prlmicy noehanlaa caul In* thaaa ratio 
changan la earlation In lha aand-ahala ratio within the 
Harrow formation. 

r.E'JFRTfllCB, VOL. 49, K0. 1 

SIfAMTlo3 t Of , ”-'**« «D F-WAVF. HUFUCTHMIS OFFSHORE 
VKSirsn FLORIDA 

Robert H., fathao (Otoaoutca Inc., 6TO9 SU Freeway, P.u. 
Baa 14306, Human, IX 77236-6306 

Hard ealtr-bM tea Bailee onv I ronnant a , auth at 
offahara weaenrn Florida, have prtiantad particular 
prab lee* In tha acquisition and processing of aoianlc 
reflection data. One pietlae haa baan tha llnltad angle 
of [nil dan. a lleaa than critical I available to F-wa»e 
penetration Into tha aubiurlace, Hods conversion free 
F-ven Co S«wavra 1991, however, la quite efficient over 

a brail tango of anglei o! Incidence, aflat lha aucceaa 
of a previously rnporrad phyalcal nodal expar Leant, an 
experiential lino wa» acquired affalore eeatern Florida, 
the 19 nila Una, locale! approx Inataly 100 nlla* west 
of Eay Heel, Florida. vji ahol and protested. 

Three key fact ora nave tonic United to lha aucceaa fu I 
recording of noJe-canvarUd iT-vavj redact Iona: ill 
rae ignition ul tha elfrct of the group lon|th ea 
attenuation ul energy arrLwIng at large anglaa of 
ire L Jen.*; |JI tau-p prd.aaalng trehniquaa rhar allow 
aaparat Ion of energy by angle of Incidence: and 111 
velocity filtering o»«r a range of tyjia-'ijf to 
niroaL-aavaout into) velocities aa part of thn forward 
rau-p tranafora. 1h*l* three ractora, lw of then data 
pr.icoatlng technique*, have allowed aeparal len of P and 
energy In the urine anvlranxeut. 
nvarall, J-vav* «.ifl«.i Inn* have teen unaohlguoualir 
idem I find lu a raf lection I Ion of I lac and aay be 
intatprated In a raMocttan tiaie ol 2 an*. Integrating 
an S-wavt aectlon with f-ea*.> litlarprelatlono nl 
'illah.-.re Fl.iilda data sll-nre no indnprnl.mt conllrnai lan 
„f itr.i.iiral evonti. Ihl* Indnpnndvnl conflroatinn nag 
he n..cr aigulll.ant Ilian lopruvnornia In the P-wa»e data 
anal lip aim*. lal'talr attble t tf 't ,alu«a are deputed 
in interval ■ I ADD n J00d [i thick end to . ,; -vac 
■ ■riv.tLin rloei a* gtrm aa 1 aoc . The oppnnunlljr ol 
f,,’: in'rrpretationa fur Lithologic Identification, gaa 

tileries. oatlantaa, and general it lit (graphic trap 
exploration neko* luJo-vinvertod ahan waw* a new coal 
In tliil area. 

CEOI1IY9IC9. V'VL. cl, HI. I 
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A CCHPUiailOHALLr FAST APPPOA'.H TO "AXiHUK-LUEUBOOO 
D1C09WUIIIUH 

Ch ung- V. mg Chi ITet Ftupulainn Labors' ary, California 
Inal (lulu of Tevhnnl oq, , UOl) Onk Grora Drive, Falodroa, 
c'A 111691 Terry It. Nre-lol and Dan Hiipicn 

In Ihia paper we dative an! laplenent a 
nan i'n-llk«'l ih-|.»l froev-j lut Inn (1)1 alg-ir li ha, triad 
■in tha lane channel and statistical node I a vied by 
K.novlu an! Me-n.lel ll'Dil, that laid* to nany fewer 
vaopitativni then tr.rir HID algnriihn. Boi h algorilhna 
van ilo-ilr*".* «-ialv (it loale n nomlain-jn rhaaa wavelet 
and itilnl leal psrin-fvrs, detail Incallona ol 
e.gnifliant rsflaui'-ri, and itienviln ihr data. 

Chit hlS algoritho la Icplon-uted hr a mj-phare block 
juipiMiil oat hal lltcl. Ihe phnae-1 bloc I (unit Iona ilka 
a value aJjuitaeit uf unknown q.ianl Hire and provide* a 
awl ill goal initial cocJltluni for The phaaa-S block, 
which function* lit# a fine aJjnilorni nf unknown 
■punt II lea. 

We dte-'nll r ace goo! pefforosn-.# .«f uur alanrirho for 
bulb lynchetic and rail d*'j- 
■lEOFinaicx, idl. cf, tu. s 


Geomagnetism and 
Paleomagnetism 

WHlS^'lDOLB PtJB THE AHM.T8I6 W ™«EtIC 

^"SrfaddSrw^hyalo. DLul.Lon, Bura.u t.^lllr.i-1 
Raaoutcaa. 0» ■«>* 3«' Ctnborra, Auatralla *CT IWlJ 
Prevloca Invaat Iqatlcna of qBaagnatlo tav ataal 

inquantaa have ahown that a 
dlalrlhutlsn pLorldaa a flood doMrlpHon of tM 
Intervale batwean rev* reala, Thta 
intv r pro led a. Inplylnfl that fl.Oaagnetlct aval Bale 
are a q**w ptocaaa. An altatratiya pcaalhllUy la 
prea anted by ahovlng that Ineuplaka d*U f*» ■ 
Foisasa Pram as leads to * distribution of Interval 
1 anyth! aeaontlally lodletlnqulahibla froa a flanu 
dlatr Ibutlon. Tha qanaral problaaa of patantat 
aatlratlrn and taaclnfl lor dlf furore** 

atat 111 leal propartlae of ravataa and w»> 
aaquenoea are conaldarad. Honatatlonarlty oan caoaa 
oany ptoblaxa In analygla and a likelihood 
la auqfliatad to ovarema thaaa ptnblau. ,n 
the likelihood aotlvod avolda problau aaaoolatad wllh 
the ui of alidlnq window!. IBtatiatlea, flaoaogneHa 
reversal nquancaal. 

J. Gaopbra. Raa., B, Paper 3BIB7T 


Geochemistry 


UK 1 'Tinlntn el the Ite.icphtn 

CU«-.iS 19 ATilk'IIDPIC Ol,- iNHIir.WE OF T1IE MARIhl 

lirvr* AT UlMI UTIRN'E * 

[Center for (Arth crJ llaneiary Tb,*IC9, Harvard 
i'n-.*r*ltv, 29 icfird St. . ranbrlJye, ha D'liaj. 

ki>.--« and H.B. W;Elny 

ArplorlrjteU half nf the nittektn anl phoaphotut 
entrrln: deep water* oF the canterroraty ocean are 
tronaforled fre-a t'e S-irfacv In innr;inlc fora aa 
pref')r~el nutrler.ia. A ll;[ila njel fit ocean 
i-hrni"trr la pros'nlfil and shsun to acreunt For tb# 
preier,* Lo<el at att’tpberle CO,. Mvcluattona In 
preformed njtrlenia, tcjuiated 4. .-hinge* in Inaalailon 
ml rlrc-jlatlon it high litltiidjc, can rcnult In aLgnlfi 

:ibt variation* in 16,. It in an^eated that theie char 

«iy account For the if patent c-ntiol cn citrate eacrcln 
arruljr nrkJCl r ni In tha orbital pirarerara nr tha Earl 
1. Otrpbya. Fea-, D, Paper U0312 


^ cantury. fxtw-ry. 


Meteorology 


Hydrology 


Geodesy and Gravity 


1(10 Cf nit el airiMHa 

oonun tilt iigiau OMima u m iimuu inmo 
Gif I DUIStTOC Of IlM-SUmniT HIM0TIM U KFTlt 
J. Mint (Lami-Miiii Oieloglail Obaatvtloxy of 
(aliablt Oaivaiaily* lilliifai. lav fort 1MH), t. 
lllbM tad t. turn 

li pa i tad aarvayt if aboil trval 11 m I la tha A«i|(o 
Xilifilg, Alaaka (mil eobaraxt tilt tlitali aiieelatad 
with tuMuetioa of (M fialfls |Ul« kiaaath |kt huh 
Ami lead plan la lha lhai|la iiivalt |ip. Taa jaira 
•f 1 1 tidy tilt don toward! tha much la iacttroptid 
datlag lHI'U by ■ ripld apliada af tavaria tilt, lha 
■atrul 1 gll* H|(ai*ata iiRftti fifotaatiaa at nK«- 
lloo atcuta with (ha plate Inaiu; lacked to U link 
H tm dipita. Diltg all nallahli kill, in laeat ud 
■aliatc Ikta *e loiaiprat tha lilt iivanil »i due to 
a* aptiodie ttvataa illy af *W na aa|altnia aa tha 
Plata boo od ary halHU *10 taa aa! *10 la depth, dm- 
dfp froa ihi naia lalaaegaaii aoaa which caailaa 
Inefcad. nil mat cauaoa aa Imiiiio of aitiai o* tha 
lMhad Mix thru at iuo, Ha apmlili that each nut* 
■ay ha a regular proem at iuMmcIm bomi, that 
■tail plate betaditp aarihquahai My ha aara coaaoo 
durlag tfaalr Mcuftiaca, and that tha it aaiak way ha 
dakactehla aady enough ta glvi van lag af aa inetiaaa 
la prahahitlcy for tha oiciriiui af ■ griai antb- 
quaka. (Crugial dofacmatiaa, aaiialc gap, iwkdutleO. 
J. Oaophya. lax., >, Paper «0»l 


3110 Graondvatar 

OVAHTITAIIVE ANALYSIS OF EXISTIHG COUDITWBS AM 
PRODUCT! 09 STRATEGIES FOR THE BACA GEOTHERMAL 8TSTTH. 

HEW HFJ1C0 

C. B. Fault (GaoTrui, tar., 109 Eldan St tail ■ 

HarndoBi Titgloia I207D), J. U. Harrar, S. D. Tluwai 
and U. P. Ballau 

The Baea geo tha roll taiatvolr and adjacent aquireia 
In eba Jamai Mountain* of How Mexico cocprta* an 
lncxgratad hidtagaologie ayxta. Asilyiii of tha 
gDoehoraal raaarvolt althar under nalutal conditions or 
xubjeer to propnead davalopaent should account fat tha 
naan (velar) and energy Ihaat) balance* of adjacent 
aqulfara aa wall aa tha laaatvalr lraalf. A chraa- 
dlaanaloul andal haled os f lnlt*-dlf farvnc* approxloa- 
tlcna la applied to thli [nengtacad ayatn. The modal 
alulataa hut iranipotl anoclatad with tha flow of 
ataaa and water through am aqutvalant pocoua aadiua. 

Th* Bara gadthanial Eaaarvnlr la daalnatad bp flow la 
fracluraa and dial inn it rat a. hut at tb* Brat* of 
application tha oqulvalont poroua aedta concept la 
appropriate. Tha gaethiraal raaarvolr and adjacent 
aqulfara arc alnulatod undar both natural condlliona 
and prapaand producrlan atratagtoa. SlMilaelCin of 
natural conditions coaparaa favorably with ebaarvad 
praaaiira, Uxparnturv. and thermal dlichirga data. Tha 
hUtorp natchlng alpululona Bhow that tha roaulta uaad 
for cnparlaon are Met aenalrlve lo virtual 
poncahlllty and the am of an aiwnid high 
poToaahlllly rone caonactlog tha raaarvolr to a deep 
hydrnthanal aourco. Elaulatlana ualng proposad 
production atrataglaa.and opt Into tic aatlaotaa af 
certain hydrologic parantari and taiatvolr extant 
Indicate that a SO-migavatt pouar plant could ha 
malntalrad foe a period greater thn 10 yaara. Thli 
production, howavor, will rwaulta In algntflcaot 
dacrMioa in tha total water dtacharga to tha Jaaai 

Rlvar. 

Wat or Beajur. Raa., Paper 4H0 171 
3130 Tree Lp list Ion 

FAST PRECIPITATION RATES DERIVED FWH ICE CORES I 
METHODS AMD DATA ANALYSIS 

U. B. B. Pater eon (FaLiraoo Gaophyalea Inc., Box 
101 Harlot Bay, B. C. WP1H0. Canada) and E. D. 

Uadd Ingcon 

lea coin in which annual layara can be Idan- 
ttf lad, or particular hodiona dated, provide a 
retard or put precipitation ratal If naaaurad 
la jar thlchnaaiee con bl cnrractad [or thinning 
by flow Blnca dapoaltlon. Total aLraln lo 
uauoLly calculated (I on iteady-atata flow nod all 
hecaua* or lack of lofornatlcn about tha Ice 
cap'a hlatory. An oiaueptlon of unlfacs verti- 
cal at rain rata la valid, at boat, In the upper 
half el the lea colucn. Conplox nodal* era 
needed to taka account or uneven btdrork and 
var lac Iona In precipitation rata upatraam of 
rha borebnje. Drilling »r an tea divide avolda 
thaaa ccepl (eat lona. Haw data anal/aaa auggaat 
that ptaelpltBtioa at Caap Cantury haa fluctu- 
ated hy only plul or mlnoa 102 for tba peat 
83M yaara, uhacaaa at Devon Inland, on the 
oppoilit aide of Baffin Say, proe ipltat inn haa 
b*«n unlfora only for tha peat UOO yaara, with 
significantly higher valuea bit or* that. Eatl- 
natLoe nf pra-Kolocane pracipltatlen rataa la 
aapaclelly difficult bacauia that lea nay have 
mn affactlva vlacoslty diff at ant from Kolocona 
lea. Threa publlahad utlmataa of pta-Halocana 
praelplcatlon at Casp Ceatury era unrallablwi 
rha author* did not allow for thliuitai. and 
thalr tin* acalaa differ appraclably. Data 
from thris Antarctic ■ La El on a ahov aoce Incpn- 
■latanclaa. Heaaurlng cencaatratlnoa of Ba 10 
In 1« coiaa cay he an altanatlva oathod of 
determining peat precipitation rataa. (Precip- 
itation, lee coraa, glaciology). 

Rev. Cwaphya- Sped Fhya., Paper 470290 

3139 Praclpl tatlso 

THE DISTURIfllON OF CAIOHEKT COVERAGE BT STATIClHAlY 
BAIHITCRK 

Pator S. Bagla son (Dapirtmant of Civil Engineering. 
Haaaacbuaatta lnatltuta of Technology, Cambrldga, Haaaa- 
chuauia 02139) 

Tha occurrence of vtttad ralnaura area within a 
cat chant la aodalltd aa a Folaaso arrival prsceai la 
which each atom la cuopoaed of atatlonary. non- 
ovarlapplng, Indapaodant random cell eluatera triune 
contira ara Polaion-dliirlburod In apaca and whoaa ataaa 
era (racial* . Tha tun Pol cam paracatari and hauca tb* 
fkiat LV0 co Cion La of iba wattad free Lion ara derived In 
tana of catch=aat-mvata*a character lutes of ch* {ab- 
Bnrvabla) ataclon praelplcatlon. Tha nodal la ua*d to 
aatlnaca apxtlal prapactlaa or tropical air noxa t bun- 
da car area on ola tropical eatchnanta in the Sudan, 

Vaitc Raipur. Raa., Fapsi 4UDQQ7 

3110 Velar quality (Bur riant Loading) 

STRATIGRAPHIC EVIDlbCE OP EUTR0FHICAIT0H EH AH 
ESTUARY 

C. S. Sruah (Dapartstnt of Geography and En- 
vLroramtal Engineering, Johns Ropktna Unlvar- 
■ILy, Balt Icora, Maryland 212U) 

Vartlcal chongaa to chlorophyll dcgredaclon 
praducto proaanad Is aadlnenta dapoaltad In an 
urban eituary ahow a significant lncrtiae in aluil 
product IvLLy with tha introduction of aowaga 
affUent Into tha clvar. By coeparlaon, algal 
i predict Ion during Iniaualve agrleoltura of tha 

i waiarahid, Including heavy applications of farti- 

i lliara, was lets by an order of aagnltud* whiro 
■ tbare waa no aavaga dlachargo from a point aourco. 

Cno< mirations of otthophoaphonii cacreapond with 
• oncentrat Iona of algal calls and chlorophylL | n 


« M mm2ffl?HAl«T9 OF THE HEAR SURFACE TEHPEWIl'fR 
REGIME OS THE SGUTH POLAR PLATEAU . u I 

J J Carroll (Dopartnant of Land, Air and talc! I 

Raaoutcaa. Unlvaraiiy of California. Davl*. Callforala , 

,4 )ta« atudlai of the phyalcal cllnaiology o! lha , 

Antarctic Interior focus on tha lotol lurfaco ent-rsy 
bodgac. The raaultl of iheea atudiaa arr ravKwrd , 

leading to tha oftao cited cooclunitn that aionnphor c 
bear transport la required frun lower latitudes I* 
nalnrala tha renparitun against the largo rndlatlvo 
loaaaa by the anow-aiwaphera ayataa of thv iMcilvl 
plBtasu. Hie rone taoio logical data tshan over n > year 
par lad at tha louth pole are presented, llluntrni Ing 
tha aonual cyela ol tha aurfeca energy budget. In 
addition, thaaa data, coupled with loeal 300 nb.it 
data, an uaad to axialna tha role of varllcal and 
horiaontal tranaport nachaniana in dalamlnlnf Iho 
naar-rntfica tanparalnra varlatiooa. 3 ho Mjot 

canclualooa an aa follows. The intec-annual 
variability In tha radiation bodgac conpcnoois lx vary 
imall. Day to day variation! In the longwave nnd 
aanalbla haat flux ara high and related to var lob 11 tty 
in tha synoptic conditions such an cloudlnaaa, wind 
flow at tho aurlace, and wind and icnporatura 
varlarlona at 300 abar. Exeapr during tho sutsur 
aaaaon, the variability la Hurl tea tcoporatura In 
highly correlated with wind speed, which In turn la 
icrcingly correlated with wind direction. Down nlopo 
flows ara gmacally low apood and aaaociatod wllh 
coaling. Cron alopt and up alopa flowa ara general 1 y 
acrorgic and aaaociatod wtih warning. In aurawr. 
there la no corralaton bacueen local laaparatura and 
aurraca wind apaad. but down slope Hows are generally 
aaeoclatad with local cooling. Horiaontal tfaarnal 
■dvactlos In tha lowar ciopoaphara han a wry 
pronounced of fact on the surface laaparatura In Burner 
but only a aodarata to weak aifact lo the other 
eaisani . Bxcipt la tuonar, atroog wlndo II. a., ernaa 
and op alopa wlndi) ara aaaociatod with uoaVaned 
thermal at rati Cleat Ion) weak winds idoifti alopa) era 
alaoc la lad with Incraaoad charnal at ratification. In 
addition Co tha radiation budget, downward nixing 
through rha boundary layer and transient horlxnntal 
advactloo appear far non loportant chan local 
dlvargauca or confarganca affacta In datornlnlng the 
Local tBcparatuia. 

J. Gaophya. Rea., D, Paper 400116 

3745 Gravity wavae 

COMMENT ON "ClN POTENTIAL WELL TBEATHENT FOR 
ATMOSPHERIC QRAV1TY WAVES' BT L. YU at al, MID 
"A DISPERSION FORMULA FOR ANALYZINO 'MODAL 
INTERFERENCE' AMONG GUIDED AND FREE GRAVITY 
WAVE MODES AND OTHER PHENOMENA IN A REALISTIC 
ATMOSPHERE" BY T. P. TO AN AND D. TADIC 
C. 0. Hlnee (15 Henry St mat, Toronto MJTIN), 
Canada) 

.Attention Is dram to an unfortunate and 
potentially misleading aspect or the choices 
of gravity-wave ■ potential ' anployed In the 
cited artlolss, and an alternative r twice lo 
reoonimandad. 

J. Oonphya. laa. , A, Paper 4A02S6 

Mineralogy, Petrology, 
and Crystal Chemistry 

42JC> Daecriptlva nknoulofly 

Ml UJOJ5UAL TlTMUUH-mCH OXIDE HIMBLAL FPuH 091/1. Ir'BWaY 
T. V. rvflalstad {HlncraU-qlcal-Gaoloqical Huasua. 
Vnirarelt} of Oal4 , Cji* .,](■ I. Oil] A. Il-.rw.,y) 

An 'nvaoaL Tl-tlch oxlda nlnaral of cooponltlon 
Hca.,iREEi.,*Slg.k|TL|,.aBFa,.*eV|.||Cri.**Q|« hag boon 
round in on anaraia-albltlta dike at Oslo, Norway. Tho 
mineral La satoalcE 2-ecauea of a aaell Th concont. and 
conca Lite abundant water (12.1! wt.ll. ft la black wuh a 
mate life co adanontlne luetar and gives a black-brown 
atiaak. T?l« Nona hardness la C- The roll activity lu 
IT. 0-11.4 k 1546 nm) In air, weakly aniBOLruplc. Heating 
In air or nitrogen gives x-ray powder line* of rutlla 
(TOO, BOO, axd 900' Cl or bxannarltc IIOQO and 1200'ci . 
The chealitry of the amoral rombloi that of 
crlchtontta ■ ITl-nlroral, CTichtonltal . 


liatarrn l*j*»" t“* • l '*l'» naaa-laea. Cyclnnlo 
a '1-llea «*a finally ahnl ll.a »rin longar 
raandaiB. fl ellf-'rnle I'ucrania, *'Vllee, 
rwandara. oafalllla lra|**yt. 

I, l„.>rlitn- B. ■■ , l/irr ■■'Wig 

rW Inirruel k.hf’ 

tUiiGML tin ash '-id i m*i:. *«*i nil • « mm siifiy . 

A hill R II NT II"*' \T >>'ilk 

II. Sdijvlr-u* oil -I I. A. Illli'tf (111.11111. U,reeagraahtc 
I jlairxli'rx, Pv.lf.irJ ln*lllnlv . ■ 1 ii. r.m.^r/phj, Dart- 
ounli. H..*4 ••..If I e S.'l iA.'l. 

Pur in* .1 n-iMirc-xnl fk-grii >■■■ ihr nllan Shelf 
..ff ViV.i <..'t la, large 4R|.|ilude inlrrn.il waver here 
uliyenrd in IF..' *1. Inllv .‘f llw ebMf r.|ge. 3aaa 
wrro Idrmlflr.l pji.lllvrli u* •••lit. 'in. The ohier- 
vai ion* |-im l-lf ln«lght Inf-’ fhn mlitcii generation 
priKr**. nnJ ripUle thr r<|i- ihi-v pia> in ihe iria*. 
for nf energy fr-i’i t Ide*" lo n.-c.in ntriiig. It (g 
LuinJ Ihil Ihr ilutrcwic.l pr>']' igai lng energy in the 
lierool Inlc tide, whlwh I* tik'lllrl al Ihe shelf 
cilgr, I* .11 **t]'j|rJ I', w iv nf the large anplilude, 

•hnrl Internal *lit*. R**.-J •-•li ohicrrrd dlialpallon 
rite* af wltrary wave*, it t* ,unwluJ(J that the aa. 
wcininl moinil nf nixing l* ••tffivlcnt lo supply the 
rei|iilrtJ mitrlrnli In Ihr riq'lml ic :vnc. 

J. CoThya. H.x., I. rarer ■.mill 

■ Thn wj I* v 

!ir*lly|k. lilt Ill *l"l lIStklMTI.iH 

II. A. pntliiu.b anl Al »■* 9. 1 Ibr irnlat Sc (cm 

, , n t P |, I,. 1 .-■■■•• I * , Ui<M*.-in<i •'•"'I B.Mnevelt Hay *g, 

*.■• ■ 1 1 1 v , V twMngi ■■■! udHi'o 

q rl i. ■■ It bi.Giu Ini ' lli..- wli-iw .U-r-rceca niqi 
l i„n n. c.-rn > ■ -i ■.■■■i-It. -I k I l.-m.-i.-in. ihl* f regaanutlea 

affi-tn tin- t !■■ It ■■■vel In del j mi t loo 

UhI | lii- neltlKR al f I ••«* •■l-l- v 1 1 1 In wsur. Fleet art 
l.rnkin b< w an-l -.well nr ir ihr I- a vlf,*' , and, 
Ihr-niRh-Mt th.- p.s.V, he t-..nlatl. lehylanrea, iherxel 
l carVIng. wln.l-i mul ■ ur i.-nL - . In winter, they are 
Wrl-lrJ t.'RVI !■■■» !•» I rrr.'lli.-- 

FI,... wirr .an hi- iwnmii l It .iver.il prxporiiei f- 
f.,[ im.i au* ■*, arc i ••! n-m ■ *ll|-rf .ll.vwler. Tvo 

.1,-flnll I, inn ..I 1 1 ■ nl.-r .11.1 1 IT.nl Ini irta uxnfuli 

)•(..), Liu- fra* ll-n ■•( .■!• ■ . -vrrrd by I l«cx no raallll 
Ilian ci Mil JM|>l a Ihr itunWr •<( llw pr unit are* ns 
lWilli-r Hun f . M|'l .an !■•■ "riw.irrj hy ecia athir 

I li.in nil- Mi'll •*'■ I It I Cl. linn >■! •■ linn ur of a pels! 

ii.ii, nnirr-l l y I l.«c» ••ullrr Unn (■• lf * b»h»»«a 

like i.' Fur loell ... wI.hu- i. In n. in caliper dlautar, 

•i null F.i- grratr r ihui -! ■■■ llul Ibe »**ll He»i 
..Cuuy I lull v arr i. If f-l . llw [■irloeccr of 
■.nil linen in Ini lit I Car. 

5cviT.il mimrrl lev .1 li.t rll.ijl l-.n« hue huon Dealer*), 
na a Ing- lug gnph, Ihrlr wlopra fl'.e.ll valuea of *} 
rnngu frtn -1.7 in -J.5. lam Jlalrlhmlon follovl * 
powu-r Inwj chti ••lliwrx l.avo -itvapur olupaa for larger 
[loan, and coru gr.9Ju.ll Hlnpw* let er-illar floaa. 
Anothor noapllng Nirxlrl' 1" l" ncaiuru the length* tf 
lino segnunis «n fl-rt. Tl- dinlTlbullnn of rbele lb»ri 
Icngihe It. equivalent to ihv .llnirltut Inn «( (I<e 4lnr 
tero. 

The varlancw uf an uiltr. tie ■■( the (ravllon a of in* 
envernd bv ll"v* In onv il(e rmyv la /ll-jlk' 1 . where 
y la Lhi irqulv.ll.nl n.ciF—r f ln.|. pen-lent eanplei. ! 

•'■m be ImiiiiJ Fn-ci i*w anl lm-e ■■! rha lndlcerer 

r..nrll..n fur Llw -I.-- rm.>. F-r line **=pli« 

.■( u narrow range ■•( f ■•••• .llairiere. VI* llw rellei-r 
the 9-viRln 1, aplb !■• Mu IN .11 ir.nr. Ifl-c «u*. 


erlchtontta . ITl-nlrqrql, crlchlonlce) . 

Acor. Mineral. , M, J-4 

4240 

GE0CREH1CAL EVOLUIluH OF TUB KEHKIWAI GAI.DF.RA 
VOLCANO, KENYA 

P.T. Lett {Dope. oF Eovlccinsiencal Sciences, Uni- 
varaityol Laneaeur, U.K.), R. Hacdomld and 
R.L. Solth 

The perelkeline trechytic wolcnnn Hrnungal line 
had a comp)*,, gaoehoalral evuluiioa. roeulilnn Trine 
Che Interplay ur nagiu nixing, crystal rraciien.il i-n 
end 1 1 quid-eta co diffaronrlaclon. Prior to u nnjni 
e*h- flow eruption, th* nagna reeorvolr wne ginwlrg 
by th* eddition and nlxleg of lw* or eon crarliyt [• 
nalli, only ellghcly dlfferunc In conpoli L I.in. A 
volatile-rich cap eventually soparnte.) (r.n Hm 
lava-faming xon* and became coapueition.il lv toned 
by llquid-scata procoeeei. Tho first Moiun'nnl a»!.- 
flou cuff shoved strong (up ru kS) rnafuarU 
anrlchcinl In Fa, Hn. C«, Ilf, Hb, Hi, PF., Rb, To. 

Th ' Zt ■ ni the REE (including Ei.) uni 

probably alio Ha, Cl and !, and roofuaril depletion 

'“hf 1 ’ a 8 ; C ?! ! 1 ’ P ' *“ ■ nd Sc ' Zonal Lnn was 

ech laved by Mquld-et.ee dlfrarantlarinn, probably 
Involving volatile iranafar and ibann-d If fusion 
and cl net eryaial fraeilonatloo. Celdera collnpse 
■cconptolad wrwpcion cf a sacood ash-flow ihaet 
also coapoal clonal ly lonad. This was follow d by 
ccnvacliv. over Cora wlthlu the magu chamber and 
lha rise co tha mol xona ol a Bs-rlch nagoa from 
a I aval not tapped by the aah-flow. Sidawall 

proeeaaoa produced 

e *ar lee ul ruffe and lavaa with cccuoe I Lionel 
variation! comparable to thoea In Lbs aah-flows, 
Scaa nixing or tha upper and lowar tana me goal ney 
hev. occurr.dr.latlv.ly ra«ptl». Tha Henangal 

Liquid etate nachanlsna of axtanaLve eompoeitlorul 
lD #MMI Df “* " lB 
J- Seophja. Has., B, Papal 4 BO 30 5 
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An Pxlciksibe Hcjina „t C i ff- NviniJ I aiililnj ewih«iiukM"fif^ SiwihVf Mndiw l i Nlt °* M 13 

tv ?sTdriV«hS«”"!p-^ PM ' un BOd ' he M ” 
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Reply (Paper 4B001BI | t«« Shari ndAhn D. dm* 1497 . 
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Reply (Paper JBMHI . i 1 ' -Wi R.-flfr, ] 25Q5 1 


CoCTKlion » "ItardlloM Aeilyili nf BortkoW Sdiuiw Dam" hj r! a. Sttphea fad 1 

j A.J. HanHne lPd|*ep 4B0096I ■ , ^ -' 


J. K. Bfrq it 


!71J ctroolatlon 

REABSmi, VkRlABtLZTT 04 HEJUBHas OP fag 
califw* 1 * cmanr hrm on puKcovn iiuhd 
H. Rada (Department of Ooeuiognrf-. (h,tnr*Lbv 
nr hrlfctah C-jlnabU, Tiaeonver, B.c, VST leg) 

3. bery Bad L. A, Hyaak 

Beulllfc. Infrared inage. tabu over the ML 
few yean reveal essaoul wsrietlAae in the 
eeaslire of the California cwrreat ^et*. (oca) 
off Vesoouver IsUnd. Dm ocs Mhiblti 
Witt eeveleagth between 120 snd 150 m le both 
wiafcsr end spring, when tha upper men currant 

lyaky . In near, tha ccH Inoludaa the 

Celllomla bderencent, which rlaa 
notthveetward hausUi the eookheaafcinrd new*. 
«*.«t -d he* shorter wev^S^^r^r 
■JHJrisre. Armed the end of Augoshi Lhasa 
ihortu see la eeandeie ere engulfed by the Unger 
ISO ta .lenders. Finally, ta the tell 

.'•till * epnuel periodicity f ** t '"** ' ’ 

; trigger tb initiate tba *bart w*vai uu «.k*7'M i 
■Ms#.*., fbllml^ B,u. ktamn ^ 1 1 
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4765 5urfeee wsvai, tidal, end is* 

SFATIAL AND TEMPORAL TRANB FORMATION OF 5HALUW WTt ‘ 

HAVE EHBRBT 

Sasithorn Arenuvsohipun and Edward B Thorntoo 
(Depertnent of OcesnoErephy, Nivel FoiLgredue 

Koncerey, California, 93943) . „ 

The eurfua wive epectre f ron the AtleotinCc.^ 

Renata Bane Ing Land-Ocean ExperloeBt 
the peiiage of • 24 hour otora, were luhleetea w 
cnplrlnal eiienlunotion enslysi*. heeultl t . 
ana lye (e are interpreted as th* SpatUJ “» ”*1. 
variiLlun of aurfees gravity waves prapsi** *B . 

dsapsr water Into the she I low region «*** i 

finally oocura. The Lenporal variotl* >• 

b* appro xiealaly 7-17* of tlia 

data, and la considered as eiochiitle with 

2-3 oil 111 it lens whlnh appear corriUted wit" * , 

vsrietiun uf the aimiiepl.erlc foTSlng. ™ 7 

variation (1-32) (a «lgn(fU«ntly !«• MTt 

tsaporsl variation, hul rxblhlls « v |th lh* 

(ndioatlng that the wave pruoassa* I, 

spatial variation ran l>a f.insUared dntsrsi j^jpli 
Tha prlneipal elgunfunrl ions ohtainsd ftnn var i*- 
prov|dn n guvd rdpreaoiii nt l"n of tho prlM F t \psr 
lions (n Lhu wnvn sp.-cirs no sliown by l» * — 

value nf tlio envarinnen matrices. ij 1 . [MB> *ei4r 
transler aquae Inn Is projected onto tn* i* , 
apaco and tin source fimcllon obtain®" • _,(** lb* 

afalo projection fund ion Is prasantod. *J ( _ a J Bac tU i 
inr->molloi. c-xtrarioil from tha Bapln"*' *V ( ;| ( U 
analys la , various inurco fundings to* * . [j Lks 

aro Inforrud. Tlia Sourc-n function* B * — ehiilrw* ; 

present study era aeaorlatcd will* lha wa ]' . bstM* 
of rsfrnctlon and ilmallng, alsoRpk*: rla npw ^ 
friction nnd wavu-wavc non- linear Inters ^ vtrt 
f unci Ions provide a good picture ol f f ,h* 
energy balance althoiigl. further dnveiop^s [#1 

current work can provide sore detail*" W , ^ 
cencarning tho energy trenafor and may jhilla" 

preeent picture of wave energy balance I 
water. 

J. Oaophya. lee., C, Paper 4C0375 

Particles and Fields-^ ... 
Interplanetary Space 

5340 Shock waves — - yuJCTU*f B ! fl ; 

SPECTRAL ANALYSIS OF HAONETtfflYDMBTKAHJC .... 

HEAR INTERPLANETARY SHOCKS Plight »■'*■«■ 

A. T. TiRae (HASA/Ooddard Dr ,*qb.Ii._ " 

Lab. for Ext rat* tree trial Phyal®** ■ 

20771) K. L. Goldataln and H. H. lyelF »•**: 

Evidence for tba praeanee jB* "JJIJ- \ 1 

aaplltude right-head elliptic* lip <*V 

neetreem end down* tree* of qo*li-p"T*J. u 

forward end reverie interplanet* *7 ■“ ga'iki 
The eedn le ob.srved with froqWMl”? 11 ^ 

0.M5 - 0.17 Hg (in the "P"” cr ^i .^! h.vi 
along the eegMtlo lltU- Th* Blf W-JIK ' 

(requepelei in the range J-*' 5 * ^ b).' ft 1 '{Set* 
lengthi about I.S > 10* - *' 7 0 l/» 1^: ‘ 

field ponr spec tern in the t i' htt*.- . 

planetary shock* le munb et«iFR r e7 ** B - 
fcequanoles. The observed apettM'h 41 ^ f eitdfd i** ^ i-- 
depeqdenaa uf f -7 ‘* to * peow 11 *^ •" • 

feat: eedo (dgntif laacloh «atan ' 

correlation ebaarvad botwe« I ■!_ J, ,pM*(f ^ jLpk 
for (laid eligdil prewiilj. 

' nnnliMar' effect, eecond 

The -- pro^rMea .of .tba MO ^ 

tend .of, the . bleat ceugn* tic- ,**V ir *l . , 

■"•oth reioflsnt .And AofirebaAawt ij? c JV rt «*! , 

' - ponald.r.d td-aecblmi for th* ytfj&S ' , 

content of th* . abaerved JWttaM'JVj i ‘at 

with oqe event, a Autlsbt ^iWl^px » 

jo tha A0l»r ;wlP^P* a ^ V 

• pAteeacArt of Lhu diAtrlburto» «T* .«? - 
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color idee with cho observed range of F rue usuries. (hTO 
waves, eloctroeagnoll c lno-cyc lot ran instability, 
Interplanetary shocka). 

J. Co-iphya. Roa.. A, Paper 4A0J2L 

5270 Solar wind aigoatU fleldi 

FOVU SPECTRAL SIGNATURES OF I NTERP LANETARY CORGTATIKO 
AND TRAN9IENI FLOWS 

H. L. Oeldeteln (HASA/Ooddsrd Space Flight Center, lab. 
far fxt rater rat trial Fhyalca, Coda 692, iireonbalt HD 
10771), L. t. Burlaga sod V. H. Katchaeus 
Recant itudiss of tha tine behavior of the galactic 
comic ray Intensity have concluded that long ran 
dicriissi in tha Intensity art gene rally anocleced with 
ay* tana of interplanetary flows that contain flare 
generated shook vans, nagnatlc clouds and other 
tramline phsnenane. In thie paper the eegnetlc field 
power spaecral e Ignat ores of euch flow syetena ere 
cob pend to power spectra obtained during tloee when the 
■oler wind ie donineced by etable corotating etreani 
that do Dot Ulually produce long-lived reductions In the 
cosmic ray intensity. He find that ths epactrel 
signatures of chase two types or reglmOB ft rim lent and 
eerotstlng) ere distinct. However, the distinguishing 
failures ere not the eana throughout the holloephere. 
Tbs transient flowe at I AU tend to hive eeallor 
correlation lengths end larger eegnotte ho] Jetty ecela 
lengthi than do the aoratatlng flows. Indite collected 
beyond l A(l, the prtaary difference! era ta the power 
■peecra of ehe ■egnltuda Of tho magnetic field rsrher 
than in the power In the field couponeoca. Genaaquont- 
ly , decree eae Ip cosmic ray intenelty are vory Likely 
due to tugnatia mirror forcee and gredfeot drifts rather 
then to pltoh-angla scattering. (magnetic fields, 
pierces, HHD turhulenos, comic rays) 

J. Deophye. Res., A, Paper 4A0336 

Particles and Fields — 
Ionosphere 
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lOWflPHERTC HEATER BBAH BCAHNIHGi A NEW TFC UNIQUE FOR 
OJ BIDDIES OF THE AURORAL 10KDSPBERE 

K. T, Rlacvald {Hex-PIeoek-lnitlcuL fir Asrenomle, 

0-341 1 Ketlashurg-Lindeu, Federal Republic of Germany), 

R. len, H, Eopke, E, Hlelilo, F. Stubbs end R.L. 

Dovden 

TLF/FLF wive generation by module linn of the auroral 
eleecrojet ha* previously boon performed near Troon*, 
Sorvey with e BF hearing bam* pointed in a Tlxod 'tanitbi 
direction. By varying tha phene of the HF waves trans- 
mitted from adjacent rwi of entanoee In cho trana- 
eltting antenna array, the bean direction can now be 
aeaimad in the north-eouch plena at frequinelae Trom 
aero to ipproximacsly 5 kHe. In one type of bean scanning 
tha amplitude af the hearing beam ie ELF eodulatcd while 
the beam direction la 11001180100*17 awapt slowly In 
■tv tooth fashion shout tho tsnith. Variations In ths 
ELF fiald ttrangth measured on the ground os tha aourco 
is inept in this manner are abovn co bo eseociated with 
spstlal verlscions of rha auroral ionosphere In tha north- 
■outb direction. Hn compere theie epetiel varietlona with 
thole Obaerved by STARE. (ELFA1.F waves. Innaepherlc 
hearing, aleotrle flelda), 

Eld. Scl. , Paper <50344 

HU 1 Ionospheric Dlacurbuucoe) 

1'XluSFHERIl- ELKO RWI IkUKIIY IRPlU'IAHl f Hi. ■■RSERVfclk 
BY EAT ELI I TE-TG-SATT LL I TL , KUAL-FFEGHLHCV. I«*!-UJW 
DOFfLER TRACK IK l IKK 

R.D. Eiih and n.D, 'Jr"HB 1 ilurverJ-Tmitl.n^etate Center 
lor Altruphyelce. 69 Gordon Street. CambrlJxe. 
Heeeechueecra, 021181 

» k«-low satelllco-to-d4iaUMu. Junl-i'rvquonc. , 

Doppler cracking oxpor lour.t wia perfome-i 6-. the 
Herverd-Sniihec.nlan Tenter lor Aeitophvel,-. the 
ocean iuo ol tha I9J5 Apol I—Sovue leat Proleci iASTPi. 

Th* data are analysed Imre (ur 1. ragul.it li Rt lu 
eUctrun doniitv «i tin- nliliuJo ■>( 21.' hr- The 
dllforantlal TuppLor .lorn •/III. the relit Iv.- it..t lun 
t«ro reaovad aro inlegrnLud Lu H-|.,li. a rm re .ehi-.l 
ol rbc oiacernn -liralii v-irlail.-n 4l.«ip. ii.< aeielllie 
path. Kail -known lar^e-aCJlu l.-.iiurer. nuth as LliO 
O-I'jeturlal xu--nuxnetl, unun.il v j,nJ .l-iv/iilehl |....l.-/r l".. 
level -illferenccl oro clunrly uheervu-j In ihe Inte- 
grated data. The lar^rr rruet ..f the m-.miug cevmec- 
neilr anonsiy le non lu >'.rur in Ilia auullit-111 Lwlnteri 
hrciiphere In agreement win, eravlu.e. ubsu'vnt i»na. In 
*44itlon, e aherp peek In tl.e electron doneitv er the 

3ai-ie-.. I^l.i Ill 11 p. In. 1-, .-hierve.l In iv. . -ei- 

•ecutlvo revolution*. 11.1a *ir«ci eukv le -'•». lo the 
previously postulare.i ntnuayhorlc al-ucp wa-e h en» ruled 
b>' eupereunU motion of the tomlnat»r. ll.w-luw 
Doppler Tracking. Blnrntic Satellite Svuedlng ol 
Tanoepbere). 

'tad. Scl., Paper 4R03B6 
)S<5 Ionospheric dlecurbancas 

CKEMI5TRY .AND DYNAMICS OF SF. INJECTIONS INTO THE 
T-UGLOH h 

F> A. Bernhardt (Atmoapherle ScLencee Croup, Loo Alamo* 
national Laboratory, Loa Alamo! , Hi 07545) 

The chomlicry al SFj vapor reacting in the F-reglon 
ie critically exealnad. Tho SF b molecule dlseocle- 
tlvaly attaches in electron oroducing ihe SF b Ion, 

uecitcn batwean is ambient 0 v Ion end the SF! yields 
■wlual neutral I xet lan. During the nautrallxetlon 
Pr0C t"’ ■" eloctronleal ly a (cited oxygen atom. 0( I D>, 
■JF be produced which wll) eubeoquantiy ealt 1 630.0 nm 
pooton. A reloaee of 20 kg of SF b into an sabiont 0^ 
lOB concentration of 10 s ce -3 n 300 km altitude le 
Heildared. The 410,0 no aLrglow Intensity may 
,crea*e following thn rolanao. The negative ion 
Fleama le shown to be marginally unstable to e gradient 
«lft Instability. 

J- Coophya, He*., g, Pnpor iAOifl7 

5«5 lonoapharLc DIsLurbsnceB 

“KTRISUTION OF TOFSIDE 8FRRAD-F IH SITU 
««U8EHENT5 BY DH5P-F2 AMD F4 

<*»S1" collego Rossarch Contor, Heaton, 

02 193) 

K- J. Surlrn, F.J. Rich and R.C. Eagalyn, Air Force 
.eophyiLe* Uboracoey, Bnace Fhyalca Division, 

Beotcom AFB, HA 01731 

n the basis of 33 L equator lei peeseH ol WSP ex B40 
ria da teml nod that two diet Inc t typo* of cop- 

" 100 "aplatloni occur la the evening lector during 
f L* » periode. Firstly, during tho early evening 

ini’’ _ . * "“"th type of depletion occurs with over 


Tho occurrence la independent oi tha nunbat dmnlt* 
or velocLty of rha aolnr wind. Th* value* i| che 
r-auk. energy lias an-l nuobcr flu( oheervad ebovo di* 
ora rough I y lugi ( itheically diatrtb.iced over the 
rongyu fro lei..'* to 3xlf>' ! ’ I eV/ ccl 2 end |(i'"> 
e/cs,--*ec-enr re4pacE ivaly, Avoraga e.iergloe at 
the peal i hates nra typically butwoon 5.J oV and 
3'JU uV, Tl,a an.lo.jo Crnergy (lui and nuober flub 
or-ove B5 nppanr to lie glaive a chrulh-ild dopondent 
on the l 'IF H, coopnnont ejgnltude. but are 
tnde pendant ol [he- solar wind flux n V. Iho aexlo.i lo 
intagral nuobsr I lui and anargy Flu- abo.-o S5* Fall 
in 0 cuntlnuua of values conilaiant with vlslblu 
polnr enp arcs bring caese user thn nn«lrui. of tlio 
cunt loniir,. 1 polar squall, polar tain, polar shower). 

'. 'HiOphvB. Ku»., A, l-nf.rr 

i'bii iPjrclcla Proc IpUetlonl 

ENERCETIC OXYGEN IN A HID-LATT TUBE AlTuSA 

N. R. Torr lutah State University, Department of 

Phvnlti, UHC <1, Logan, Utah 84322). D. C. Torr 

T*1 tha night or September 4/lo. 1482. grcuodhased 
ohaarvat lone ware mads of an aiirora which excande) as 
iar equs towards oa Logan. Utah (41 a S, Jiru). An 
imaging apsccroostor was used to obtain spectral 
Inngoa over tho unvclongth range 3300 X to 5300 X at 
a eporlrsl resolution ol 2.7 A. This segotol of tha 
apactrum was round cc be rich In atonic and ndo.vlot 
features. The vibrations! and rotational structure 
of the molecular nitrogen bends provides estrumoly 
valuable Information on tba velocity of chc 
precipitating psrctclaa. From a cooper Ison of ths 
Fj vibrational and rota! Ians 1 structure, which ara 
■ttonglr popularsd sr the hlghor lovale, and elmllar 
data For the H; bands, we conclude that tha ovsnti 
Indicate precipitation of ring current energetic 
heavy otrae. Because of Ehe absence or observable 
H» col as ion and because nf the characterise it anargy 
Inferred from the velocity, tho onnrgitlc arose aro 
probably oxygen. 

J, Geophys. Eos., A, Fapar 4 AO 32 3 
5580 Have propagation 

ELF AND YLF RADIATION PBOH THE 'POLAR ELKTRWET AH- 
THOiA' 

R. Birr (Hsx- PI ancle- In at lent fOr Aaronomla, D-34II 
Katlaahurg-Llndeu 1, F.R. Gtnuoyl, F. Stubbs 

An approx loe ta svaluatlon Is aide of the EIF/TLF 
dlpola mmesDia of the polar eleecrojet antenna which ie 
established by louaspharlo heating ualng powerful IIP 
waves, ampl itude madulacad with fraquanriaa in tbs ELF/ 
VLF range. Tha c henry of reciprocity la then used to 
determine the negaituds of tha ELF/VLF wevagulda ax- 
el tat loo produced by Buch a dlpola Inmersed In tba Iono- 
sphere, Propagation under a sarlae of ioDOephorae rang- 
ing froa qulat suroral nighttime to disturbed auroral 
daytlea Is coosldared. Ona of the findings oT this In- 
voerigaclon Is that cha heavily attenuated waveguide 
modal have tha highest excitation afr I clone las. Thus at 
dlicanca* dole to tba hairing iwurca. tha arffclantlv 
excited haavlly actenualad mod el provide thi diolnont 
contribution to che received signal, while the mors 
weakly excited eedei af low attenuation begone deeinent 
a* the propagation raage Incroaeea. fTonoipharic modi- 
fication, ELF/VLF vivas, waveguide propagation!. 

Rad. Scl., Fapar 4BDI13 

5399 Go natal (Plaam* Inatabl 1 1 Lisa) 

NONLINEAR THEORY OF THE ExR INSTABILITY WITH AH 
INHOHC'CENEOUS ELECTRIC FIELD” - 

M-J- raaklnan (Naval Reaaarch Laboratory, Washington, 

D.C. 20)75) 

Using analytical and nuoarical tiehnlquea, tl.e 
non 1 1 nsar evolution of tha Raj! Instihllly w|rh an 
i nhumoganaoua u lac trie field Tut beun atudle-J. For 
rb* esaa whero the olaclrlc flold coopunoni parallel 
to ch* density gradient le tnhaaoganacu*, we find tha 
InhoE'igaaa.we hi Inatsblllty In the nonlinear reglne 
(I) evolve* Into large acale anlaocroplc flngar-llka 
Itructuraa, (2| can ba described by pouar law apatlal 
power spnctrik both parallel nnd perpendicular to tha 
Initial density gradient, and (li cu" ba it’blllaari by 
quail 1 1 near xochantaaa In ohU-h thn Initial denalcy 
gradient l| e-idiflad by a Unite eiplltu-lo wave 
spout rum. Application le aide to pinna density 
fluctuations In lhu auroral lonoaphuro but Lha roxult* 
ara also applicable to plaam* Jit and alrlall.m 
formation in artificial It produced Ionospheric plains 
Clouds. (plain* mac rolnstabl l It lea , high latitude 
ionouphe ra). 

1. '.vqdtvl. Res.. A. Paper 4A")41I 


HLASuPEFifcN IT OF E- REG ION lONI.’ATICU OflD >:<1aDuCtlvn\ 
PRDDV2ED BY SOLA* I ll'JNfNATION At HIGH LATITUDES 
R. ft. Robinson ISRI Inti rant tonal , Pails Physics llb-H- 
Story, Han lo Part. California, 94025', P. R- Vondrak 
Flscircn denxlty mraxuremanta mxds by the Chxtanlla 
radar during Limas when auroral paritcls preulpt cation 
was absent, have been uaad to determine the variation of 
E-rag I on lonltaitan end height- Integra ted ionospheric 
conductivity si a function of eolar isnlth angle and 
solar flax. From the ChatanUa radar dale lekon over 
an onLira solar cyela, w* have -ierlvid th* alec cron 
density aa a Tuner Lon of altitude between "0 and 250 ta 
far flva aolir arnlth angles batman *5' and 84* and for 
four different lavals of itilar flu*. From lb to 40 pro- 
filoa wan averaged together to determine the mean values; 
typically ihe standard deviations Wire laea than 23 per- 
cent of ths steen. Th* he (ght-1 migrated conduct 1 Vi riel 
computed from thies profile* Lncroeea by about a factor 
of two between tho loweit end highext level* or eoler 
flux. Tli# solar contribution to the Hall sad Pedrr.cn 
conductances, In end E p , ll wall represented by In ■ 1.5 
IS. COST ) 0 - 5 - 1.7 E.. Whare x la tha solar sanlth engls 
end S. Is the 10.7 C K solar flux. In order to deunilna 
tho total conductance when other lonLxatlon xaurcii ere 
preeent, the altitude -dependant production rsta ll re- 
quired. This was oosiputed from the data ualng an 
alt! tu!e -depend id t modol for the effective recombination 
coefficient, {Conductivity. phoiolnnlxaLion) 

J. Geophys. Raa., A, Fapar 4A03D2 

Particles and Fields — 
Magnetosphere 

S715 Floctric fields _ 

A STATISTICAL STUDY OF DAYS IDE WCEIBSHILRIC ELECTRIC 
FIELD FI-UCniATlCNS WITH FTBIODS BBTUEEJ 150 AMD 600 Stt. 
ll. JungiruHr 1 Hu-Menck- laBtl ui C Wr extra lerroatrischr 


8Ql"I SL\ mmat cy F® of Japldtion occur! with over ,|. Junglnjar iW»-M«Hck-Ii»l 
F™“olllty of obeervetion par pass. Thti fastura 8QT6 Card) lug. Federr 

Ptobib? 00 ” p *“ llal t0 th " ugoatlc squat nr aod is D, r*igor, C. liaoronaol. F. 1 


Wilts! to ths equatorial fountain affect and 
f "M«l"B dynomica, Secondly, ws hive loan 
”«gvUr dip let lens latir In tho evening II9.6h - 21.9M 
tor 1 ,r ". Ch * «P*«- algnitoraa of Spraad-F. Tbslr 
- kn T ero “f b * 1,,e F o( oecurrones per pals Locraaisa from 
* »t 2l.9h, 4 ataclBLlcal study of tha antlrs data 

th* » ?ll m<n ch ‘ c aptamd-7 daplstloni occur only whan 
thr ,on d "M*W Burpaaiss a seasonally controlled 

tin!. . Tter “ ,ofe . longitudinal and local ties varlo- 
, , to Prida Ion dans Ley are reflactad la similar 

ra« v"! 10 the """wrranca probability of apread-F 
InriJk beco "arller. A detection modal 

ne.ki . “rhlt-fatcure lntoraaetlon gaoaacry, the above 
■"< Pol lion aritlaclca haa baan 
l.E„ v Uy v,rl * l * a » (Equatorial aprsad F, equatorial 
(°*o*pbarlc dlBCurbancei). 

-^Phya. Raa., A, Paper 4A0315 

Pt.clplc.tlon 

sm '' CT BLecTlu, “ AT GMUCSeT,c 

*hvaivi'. H f rt>r <S F“ e * fhyalca Division, Air Fores Gao- 
“"oratory, Hanscoa AFB, Haaaqchhsacca 01731) 
frssu. y,C * Bflt,C ,Brv, F “■ pafformod to dacermioa tha 
•ko-,r.! T oce " r *anea of Incanaa fluxes of el sc Croon 
lodm 0f eh * P°(* r rain at geooxjniclc Latl- 

«r rk. , ” aad tt “ lr relationship ro tha orientation 
••lociK . tpl *"“rY wagnat Ic Maid, tha density and 
Tbeu J !!,* 1 tho ■ ol,r “ lnd Raotiagnstlc acttaley. 

Eiusea ws identify as cha 'polar ahowars*. 
(19741 •1" , "a" reported by tflnnlaghan end llalkkl)* 

Sjjn'' r ° r cha Study 452 orbits of date from tha 
orhlea „f" r th< WSP B'MMIHM ™f« ^ 

lit, "atlaftod tljs criteria that cha satal- 

«rbu .v * aeoiaguetlc latitude > 85* durlng th* 
sol,. y J* J t 5* Inter planacary KsguS tic Field (QiF).and 
ktlch the available both for tha hour in 

J "d the P"*"ad over the . northern hemlaphare 

li th. t Tt “' k "Y result oE tba erody 

■■ciedln. u tha prudled an electron Tlux 

both ham?.!!* l " aI of th 9 P* Ur ralm was foaod lo ■ , 
that OB-i* ph * rM ac 80<n>a8"acic latitudes » 85* and 
"be am, .? Ce " t,ns « ,r * ‘("paidant praodolnantly If.. 

^riilra! fwifnn u j t.af th« »*f baiogj 

■ rtltt of th!» n iu vlolbla polar cap pres,' a pa'altlva. , 
n "t»liaru C !I* J 1><F *x ICOT PO»qnt appaays’ to be bath a. . . 
af ouch fi*™ riant condition 'for the aqcurronci 
tinea 1. , !** ,l “” a 85 ' gBQmagaatle latitude. Oteur- 

t>* *ccurren , ^"?^* llt ° f *** WF ■* . ,ni *7 -»*P« ,e " t ' 

am oecurrl! “ **• skewed toward 7 *? - 0 but 

we “ rr "*t" exesadlag 3&t u found up te . Cp - 4. ' 


Fedenl Reiubllc of Gonamyl, 

C, . fieigor, C. ItaorandBl, F. Holznor, E. Amin wal 

h. Illgel. , . , 

180 days of electric fiald data From tho GHS-- 
electrm bca* «tpBriannt have bw» used to study ™R- 
nougriiarlc fluctuatiai* al geostntionary orbit with 
periods between 150 nn-i 600 aoc. hhllo flue tus tll«a are 
nearly always present in tho electric field da lb fre* 
the days ide rnignetonphcro with typical oqil liudu 
tween .» and .5 iNV/n It 1 b often hard W find «I1 

defined concurrent pulsation in the GHB-- cagnotlc 
field data. Host events occut near neon and have U10 
Pfixn character Utica: Thay arc toroidal and pearly 
linearly nolariibd,- the sense of polnrlmtlon « weU 
as the orieniotlen angles of the polnrization BllipioB 
change sign near noon, the tnstanloneuud fretpiency of 
tho fluctuatldis is corral nted with the inatantpneoin 
dlcctfm dawity, in a glvon Rector of the BMnoto- 
sphero tha striae of paloriiallm deparis on the 
freaamey. There la strong evidence ttat thwo 
fluccuatlonv nre Hindmaital rexto oigcwscHlaiicai 
of field linos .In the »Jcin|ty of tho ,4,lc,, 

ere generated In the intawgrooois plf™ 
nognetoaphere by sou kind of solo* wind driyoi^surfiicD 
waves at the engnotcjouM or at tlio Uv-lnt Itude 
boundaiy layer, fifeatagnotle ntciojul sot long, olfctric 
fields, AlfP* wavos). . 

J. Gaophya . H>u A. p *P« r 4A040* 

3725 IncsraccJon"' hatwesn magmtoapharw and snsric rays 

ON TUB ACCBLEHA7UW OP EflBHoitlC. IMS IB JWlTtt 8. 

HAffHETQflPHERB ■ 

D. D. Brtbui {InatiWtB at Gmhy«lc* wdHwtiry 
Physics, ecu. Lea AnialiSk CA 90024), A. Evlatar, 

g^ehaora t lea l modal and aisilyeio.ef tha aecalaratipn 
of hlib^emrgyA «sV/™= i"na *n Jupltara anlgMto- 
' i. nraasatod. AU aeaauramanto conduetad In this 

,uriy range hfcfa wneiataatlF painted' to' tbk probable 
occurrence ol loc*l^«i-«l 1*5*11' a ursta ratios "ho”. 
Chat obtainable by radial d(ffualoo alona. 
first rho creai left' of 'fait )5 ta/anautral^auifur and 

axyata Stoma in.eb* le tot"* by oharea agehaoga. Thlp 

^ u , wilt ojasfc : upward! if J'« W 1 orckrala pea *- 
and which ari ricadwred lo'tta ^ 

tStu?^"^n .rw -riar W : 

«biirvatUOa( . Ka 


than coMldar tha acorikiatlc aeralsracloa of this anod 

populatl-mi by mogrietnhydrcdvnanlc wovaa. It ll donun- 
striitaJ huw th* properties al tha uhasrvsd particle 
space run are roll tad tn those of tho powor apactrum of 
HMD f luriuAclcna ouasurod by tho lugnotwoacar. 

■Jupltmr, nihoctospharo. Ion accoLcrat Inn). 

J. I'owphyl. In., A, Fapar 4A0245 

W36 Hagnoi |c tail 

°YNMiICAL CHANGES IN THE HI AR-EAKTH AND 
DISTANT HAGflETOTAII. RRGIOHS; I3ER-3 

0. N. laker lunivarally of Callfurnia, ta. Alarwia 

National Laboratory, taa Alanol, NH 8/445), S. J. Bu,, 
H. D. 1*1 lan, W. C. Fsldman, J, T. Coaling, P. |, 

Higbl*. E. W. Henna, Jr., n. J. McCann., and R. D. 

Zwlckl 

Ihirlng fwtnhnr 1902 and Jannaiv-Harcli iflg), iber- 3 
aariu lea f Irak travaraala of cho dinant I r • 6n-21D R.) 
g*oiiagn*Li< tail. Through out thlx poriod the Loa llaji 
1SHR-3 plaimi a I act run lnalrun.-n[ datactsd tho ml | war 3 
□agnvtoahoalh , magnoiopauao, plains ,hrat , and tail 
lobca. For ths untlrv tall ttavcraal purlu.1 nrarly 
cuntlnunua concur runt data were aval lab I* from Lux 
Alamos Chargud-Part icte Analyrcr (CPA) InalrununL* 
on-board the ipacu-.-raft 1917-007. 1 9P i -0?5 . ini 1982-014 
at gooatat lunar/ orbit (4.4 pi. Ul l flg t he „ 

gaoatat lonary orbit dam In tho local midnight asclwr 
Duaoroua aubaiurm pari iris Injoction ovani* ua,u 

datcatad. allowing aubitorn onaol dsisrainat Iona ta 
■ccurarioa or a few ml nut si. Remarkably high dograoi of 
corral at ion beewsan near -earth sub* torn uvgnia and 
15SF-3 Lrinslt Ions from one magnvtotail [!a*i» regime to 
another warv often faun! throughuul ths tail cruixlnj. 
Particularly not ah I a warn periods of "tallHto'’ nagnatlc 
(laid stretching « 6.6 R_ (lubatorm growth phiaeai and 
diasutrical expansions of the dlitanl mil aean by 
ISKK-3. Similarly, aubitorn expansion onaol s aeon al 
6.6 Rg win followed by rapid apparent *■>« r act Ions uf 
tha tram lunar Lai I which took 1SEE-3 Inc m.gnatoshcath 
and/or bouedary layer plaamam. Al ISEe-l d lit areas 
beyond - 200 Rg ll la commonly observed lhu mbit ora 
particle Injection event a at 6.6 R_ precede the 
occurrence ol itreng III I ward plaami Flow by -25 tl min. 
Thaaa results auggast a cloae relationship between 
proeuaaiB In lha near-earth plasma sheat and the diatanl 
tail during ■vbeiormi, with particular mpport Tor rha 
Hiring Kali aod«I of ih« aubatorra growth phaitr in-i for 
• ubBtorn Initiation in tha ncar-oarLh □agni'Lauil 
raglian. (Hubitore*. tail anargy ■Lor4ge l nagn^toLall 

^"SeopRya. Rea., A, Fapar 4AD299 
3755 PLasna Inatabl lltlai 

A COMPUTER SIHULATLLN STUDY OF HUuK- 1 NDI7CRD tLE Cl UK- 
STATIC BURSTS U89ERVKD IN THR HADHtTOSPHiRE BY THR 
ISEE SATELLITE 

H. hat auDoto (Radio Atmospheric Sclonca Cantor, Kyoto 
University, UJI, Kyoto oil, Japan 1, H. Oho* hi , and V. 
Ctatra 

Dbiurval Iona from lhu ItU s.ilnl Lite have tciuntly 
ravoalad Intaroatir.g elactreitatlc burill whlrh era 
apparently heuk-lnduced amis* Iona it Imitated by thn 
combined action of n coherent whlwtlsr-codo wave and a 
Horn It anomaly obsarvad election beam with an energy 
range ot thn order of 1 lav (Heinlaitnor et al. , |9a:|, 

In order to aaeV a plausible ganerailon moeliuclinnln 
and Inturprei thli ocinLlnear phenocason, a computer 
■ leulntlon study was carried out, Ibo code uiaJ la i 
two and half dimension Elect rotugsot 1 c Particle Cod* 
(EH2 Cude) following nonlinear ootlona of mn than a 
hall million parpartlcles In tha 128 ■ 128 grid apace 
under tha self -cons m net flelda. The results ahow an 
Interesting two-team Jetting due to a trapping and 
subsequent delrapplug proccai, ylaldlng s strong uler- 
trastatlr ealaalon will, k vector parallel to tha o.tar* 
nil nagnellc fLeld, The nc.nllnear wvolut loni ol the 
wavs spectra and of partlcla distribution function) 
and their phaao-apare behavior are dtacuBscd In connec- 
tion wllb lha obaerved ES bursts, IConpuiar alailatlon, 
eioctroatstlc bums, chorus hook , nonlinear port tc le 
trapping), 

1 . I'tiuphra. Pcs.. A, Pnpur '..V‘')2G 


9795 Pinas Tmltabi lltlll 

A NOTE OH THE SOITHVOOD'S INSTAB I LITT CR1TEHI0H 
C, tbinl [Applied Hstbemetiai Dspariaanl, Indian 
Institute of Selsnaa, Bengal or# , 460013) 

It !■ ahown that Soothweed'i instability erltarlen 

far tha oaist of Ralvln-nalahaltB liullblllty at thi 
aagaa lapsus eoa ba dliaitly eblalnad froa tha aarf I- 
o*l laaiabiltty sandlliaa far tha para A] frtn aarfaaa 
vmwaa prepare* fn* s|enr the Interface faatwaaa twa 
Imcaapraaalbla media la tbw limit vhea the Mn 
proper* M in dlrsstlaa la asarly perpendicalar to th# 
dlrastloB of tb* I Irani magnetic field. The phBla 
valaelty af tha larfaia nni first axeitii at tha 
onset af iha (nat ability dapands pa tha kigli batnaan 
ths latarplaastarr migaitia field lnd flea reloaltp 
In the aslar wind In treat af tba haw shack. (Rilrirv- 
Balnhslla ini lability, kapkl*f<ua, instahil ity 
aritarlaa, larfMS wavoa), 

J. uaophvB, Raa., A, Paper k*n)1) 

3760 Plaeu ucloa, conviction, or circulation 
LONGITUDINAL AflTHHETRf IS THE 10 PLASNA TORUS 
A. F. Cbang, H. T, Raonoiaa (Appllad Fhyalca 
Laboratory, Tha John* Kapklaa Dnlvarslty, Laurel. HD 
20707). C. 0. Has laBDia, L. J. Lanaarattl and T. F. 
A rut tong. 

4 clear Inbound -outbound ary dairy li found In 
Voyagar 1 Low Energy Charged Fart 1c La (LECP) phaaa 
■pica danilllai naar ( Rj, The aiymaln la of lha 
■ana sign and coaparabla nagnl tuda Tor alartroaa and 
lens at oarers 1 dir forint enarglsa. Ten plaai apae* 
dan a Ley prefllta at three valual af the first Invari- 
ant ara anlfornly displaced to Iirgar radius by - 0.25 
gj durlag tha Inbound pan. I abound- outbound asym- 

as trial which are vary alnliar far alec Irani and Iona 
at aany dllfaraot anarglal ran ba accauntad for na fu- 
rs L ly by t conviction slactflc field In tli* plains 
torus. If tha asymnatiy fa attributed to a conviction 
fiald fired la local Ilia, Ilian tha (laid baa a c Ca- 
pones! of - 4 mV / a pointing toward Qk h ID” LT, roughly 
orthogonal to Urn dawn-da sk olaclrlc fiald prepared U 
account for local Ilea aiymretry la tha plana tor- 
us. On lhi other hand, tta aaymlry can ba attribut- 
ed ta 1 corotating conoctlon fiald, such that plana 
outflow oeenri althln I1D* c 2 < 300» at l velocity 

of - 2 x 10~" g, a' 1 aair L * (, In thli care, rha 
LCCF obaarvationa would bo com La tint rich lha aig- 
rette innoaly nodal. If layoantrle partlcla loiaci 
ara imspoaalbie far the affaot, thin ths Ion lois rata 
wre - 23* greater daring tha Inbound pail. 

J. Oaophya. Eoa., A, Fapar 440314 
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Seismology 

"920 Explosion aaiuwloX) 

HCDELlUa HEAP FIEU AMD TELEEEtSWIv* (BuEFVAI JCMS 

fr-*h ihe r.-'iiiTjA t:«: sitt 

L. but .' i •:/. vdijU-VlYlv . .muuih . 

CA VI li>9-3?43> . T. walluca and 7. lay .Miia-ricq,- 
cel LuboreLut-, . Cj) i (orola lnatltuta of Ts-r.i.c-lixj',-, 
FSBiulana, CA 411251 

During iho Arrhlt'u tasting pr cgrir. raeordlngs 
vara main of me near Maid ground vslcclty for 
events HitpoM and CAlnurili. There records en.ikbixad 
a r arrival, a loaturi •kicwmad with nui field pp 
and n davalopix.g Bdylalqh wave, fn mis ■nvaatag.’iclon 
sirpla M'ielt uete fc-unri which cut-rh tho wcpleta 
ealam>gramB. They alruiltanacua ly predict tno acplt- 
tude, waveor.jfm. tiring and pmnrJIclty cf kith me 
body waves and ana surf are waves, to Jots fur both the 
ArcnlcKa crustal structure and the luur.-a tins func- 
tion a were dv.-alnpad. tbs crustal rodal .t amllar u 
previous Dodala In lea average proparrlaa. so cravmi 
lUa conarralnta are atill smciaiisd. grail rodaftca- 
tlona hare baan am do to match mn wave f err data. The 
oven to bn Anchltxa can appanantly ba repreaantad aa 
laocrop).; point eauicaa with ths types of a imp La 
aourem tire hlstarioB piedicted by claaaleil yield 
sea Ling laws. A source medal lor event LcMiSHCJT was 
dovaLnpsd on tha basis of the yield sealing laws 
ainca no naar timid records era available far it. 

Thr Hcmca rriali wars tasted by cceparlivi tna tale- 

spI wnic body wawafoms they predict with obsarvstl'.ina. 
Shore period P vwaa, long pmrlod P wives, and long 
period pa wavea ware conaldarad. Tha short, period p 
waves provided tha belt constraint. To retch than. 

It was sacaaaary bath to develop a EAdel for teleuts- 
«c pP linn It arclvaa la tar man the rear Maid 
modai would predict and te aactoata tha avatogs wslua 
or t*. Th* HI LOOM and cAwnr.IH talsasiialc ahort par- 
ted p wavaa Indicate that tha average affactlva for 
talaialsnic raypatha Cram Arehltha la 0.5 a. Tha 
scatter shout thi a valun, howawar, la vary substantial. 
Tha accuracy of the sealing lava waa tested by compar- 
ing synthetics for LUKSWr to cslaaamle observa- 
tion!. Tna predicted wgiiltudaa and wavashspaa fall 
within tha scatter in tha obaarvationa though again 
this ■ cat tar la subatanElal . 

J. Gaophya, Raa,, B, Paper 4BQUU 
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Una (Paper 4LD136I 
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' Kenneth li. Si fwtirn, Haas C. Mayr. Isadora Harris, and Harry A. Taybr. Jr. 

A Search for Formic Acid In ihe Upper Tropojphere: A Teniuive Ideniiflcaiton of iho l HU-cm" r n Bund Q Brunch in 
High-Resotmlon Balloon-Borne Absoquiofl Specira |itapcr4L6024) 


wfptiofi Spectra iPapcrdLMMj 

A-Gntdrnan .F. //. Miircray, D. O. Mtmiay, and C. P. R/nihurd 


. * i ■ ipqHmiin , r. iii iunrirur. i#. u, lUHniuj i itllu L. r. n in ifnffO 

Neutrtl Winds in the High Larilude Winter F- Region; Coorxflnaled Obnervatione Front Ground and Space < Paper 
4L6042) 

, . . . . , „ T t fi. IV. Smith. P. B-Jlays.N. H*. Spencer, L. E. Wharton. <md F. G. McCamac 

Ufiravlokl Imaging Piom Spsqe of ihe Aurora Under Full Stinllghi (Paper 4L02I8) - - 

C.-i. Metis und R. E. Huffman 

Depletion Core in lono spherk Deplelion Experiments: Smnpfow Dffevli ot llasmn RecomblnBllpn? (Paper AlM2A\ 

I nle faction Deiwccn VLF Waves and Ihe Ttarbuleni Ionosphere (Paper 4 LOOTS) W ' ^ 

s si* s,«re t K \F It lav/, ‘ V ;JL m °‘ * L V. Hi ThxkHttagtrtz. #". Meek, and P. Triska 

A Wave Model for Ihe Alnaia IPaper 3LI779J . 

MagnctosonJc Wevea Adjacent 10 the Ptajma Sbeei In ihe DjiDuu MegnetoUlli Is ^ ^ ^ 

; .L.,,, . J ' . u. RrnceT.Tidniltitl imd Edh-ardJ. Smtik 

ISEB-3 Wave Meaummeiild in the Dfamni Qm magnetic TUI uid Boundary Layer (Paper 4L0242) . 
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